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PREFACE TO THE SECOTO EDITION 


TiJEf object of recasting the fcrmer two volumes of the 
‘Organic Chemisfay fo^ Xdvanced Students’ in the three parts 
in which ^hey now appear has been to group together allied 
snbjccts^and to link them* as far as possible in a consecutive form. 
As this entailed re-arrangement of the plates, an opportunity 
was afforded* of bringing the subject-miitter up to date, and 
very cohsideraiSle •additions have been made id the co ntents 
of*the former volumes. As stated in tbp original preface, 
the -book ^is not intended to servo as a reference book, but to 
furnish a general survey of those fundamental principles which 
underlie tlib modern developments of this branch of cheinistry. 


March^ 1918 , 


J. B. UOIIEN. 


PREFACE TO THE THIRD EDITION 

Advahtage has been taken of the necessity for a rop'rii.t ,to 
add a number of references to recent literature, which will 
enable the student to bring his infoimation up to date. 

J. C. COHEN. 

Jidy, 1920 . 
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ORGAJ^IC CHEMISTRY 

* 

, PART III 
CHAPTER I 

THE 'CAEBOHYDRATES 

• * ■ 

The* carbohydrates are among tlio princij^al products of plant life, 
•aVid tliey are also elfjA)oi-afcd, but to a fuuch^ smaller oxtoiil, in th(> 
animal organism. They thus play an imporUnt role in the economy 
of nature.* Whilst tlJfe study pf their chemical history within the 
living organism belongs to the domain of the botanist and physio- 
logist.^ their chemical behaviour, as denoting structure, claims the 
attentioiJ of chemist. 

The wide am] abundam distribution of the vegetal)leg carho- 
hyclratcs, their extensive consumption as food, their omploynient in 
various industries, such as processes connectefi with ^orimmlation 
and 'the manufacture of fabrics and paper, have given them an 
interest and value which attaches to no other group of compounds. 

The carholiydratos include a number of substances, many of them 
being isomeric, which contain carljon, hydrogen, and oxygiMi. 
Th 0 ugh' varying wddely in physical properties— some, like cane ami 
grape sugar, being sweet, soluble, and ci^siallino, whilst others, like 
starch and cellulose, aro tilsteloss, insoluble, and non-crystalline - they 
are chemically closofy related. For Iho majorify of tl/‘m ctmtaiii 
^hydrogen and oxygen in the proportion found* in wafer, and^ liciico 
their composition may he ox]«'essed by the general forjunla 
frjiai which the tepm hydrate of carbon or carbohydrate is do^dvod. 

It should be added that several recently discovered sugars, tyr 
example, rhamiiose, fucose, and cliinovoso (soo p. 10), have the 
formula Cp,H| 20 q and form exceptions, Ji)ui as tho term has been 
generally adopted and still applies to the majority of these com- 
pounds, no serious objection can be raised to its use. ^ 

TThe more coiifple^ members . of the carbohydrates are readily 
hydrolysed by acids or enzymes inlo one oi* more of the simpler r 
members. Thus, starch and cellulose can )je coiivoi-tod into glucos*3e. 

^ I (OJIioOsA + nllsjO = nGyUi^iOfi • 

^Classification of the Carbohydrates. The large nn^nber of .irfir 
compour^fe, f» ^lumberiwhich has been greatly augmented witliAu 

PT. Ill B 
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THE CARBOHYDRATES ‘ 

' . ^ - 
last two decades by iho iiiiislorly researches of Emil Fiseherl render 
it necessary for convenience df study to adoi)t some mot hod of 
classitic/'-tion. Tliey fall naturally into two classes, -the sweet ju d 
crystalline compouiids termed smfarSj and fne ,tv stele- s and nbn- 
crystalline. * The non-crystalline carhohydra^^es possess more 
complex structure than the erj^stalline ; but the hdteV a^e also 
divisible into two groups having dilferent molecular foianulae. 4 

Accojding to the old system of classif cation the car) johyd rates 
were divided into three groups, one containing isomeric compounds 
of the formula termed glucoses or the grape-sugar group, 

a second containing compoui'ds of the formula and termeifV 

saccharoses or cane-sugar group, and a third containing highly com- 
plex compounds of iho general formula (C,iJTi„Or,),*, hut of ufikiiown 
molecular weight, termed amyloses or starch gioup. The old "divismn 
is still retained, hut tlie word glucose is now rosoi ved for the dextro 
and laevo eiiantiomoj'phs of grape sugar, to r(4>lace t[io old^r word 
dextrose, wljicii became unsuitable alter the discovm'y of the hievo 
t iiaiitiomoiph. For the same reason the wouf laoviilose applied 
to fruit suga‘, of wnich both dextro and laovo varieties ai’e now 
known, has given place to fructose. * 

TJie three principal groups of carbohydrates are nowdistinguiFihed by 
the names (formerly glucoses), disucihurosGH (formerly 

saccharoses), and poh/mreharoses (formerly amyloses). 

After Fischer had succeeded in syiiLhesisiiig a nuuiher of new 
stigtirs containing jnorc and loss than six atoms of ear]>on, a further 
subdivision of the moiiosaccharoscs bccamo necosfc iry. Tlie now 
compounds, containing from two to nine carbon atoms, possess 
the general characters of monosacebaroses, and must he classified 
with them. They are distinguished by the names hiosCj iriosej ichvse, 
&c. Thus, the group of monosaccharoses with six carbon atoms, to 
wJiicli grape and fruit sugar belong, will be termed hexoses. Whilst 
some of the moiiosaecharosos combine the properties of alcohols and 
aldehydes, others have the characters of alcohols and ketones, and the 
additional distinction aldose and keti)se has been introduced. Thus, 
an aldehyde sugar containing six atoms of carbon would be termed 
an aldo-liexose, whilst the corresponding, ketone compound would ue 
a keto-hexose. 

‘ E. Fischor uses the end syllable *ide’ (e.*?. monosaccharide) in place of 
‘ose’ by analogy with Ihe glucosides wJiicli are structurally related lo tho 
cauo-siigar group; but the term illation has no signiliuaiie,e when apjilied to 
members of the grape-sugar group, which are not anhydrides in the same seni-s 
that the glueos'. iOS aie, and ihcrelore the termination adopted above seems on 
tiife whole prefeiable. ■ * 
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STEUCTtFRE OF THE MONOSACCTTAEOSES 

• • 

Structure of tli^*Mouosaccharoses. Not inoro than a quarter 
of a century ago the inonosaccliaroso group was i^oproseiiietl hy the 
feur weil-knowii sugars, graiiie sugar (glucose or dextrose), frftiit sugar 
(iPuctose or ]ae\^i*]ose). galactose, and sorbose.’ Throe of the four 
substances, njiniely,*gliico.^", fructose, and galactose, h*ave been tlio 
subjec;t of consilaiit and careful study for years^past, 3 "ot in si)ito of 
91 vasf accumulation of facts their true constitution remained obscure 
until the years 1885 ari^ ISSb, when Kiliani * obtained conclusive 
evidence of their structure. ^ • 

It had previously been shown that graj^e sugar, fruit sugar, and 
• '‘galactose yield penta sKJotyl d(*rivalivv^ and then fore contain live 
hydroxyl groups On reduction they take up two atoms of hydrogen 
and form* hexnhy drift alcohols, which, with h 3 ^drh)dic acid, aro 
converted into normal, secondary hexyl iodide. Consecjuently^ the 
threo^sugars consist of a normal ch;yn of six carbon atoms. Fii^e 
of th(‘S(iare pj-ohahly prosc'iit as carhinol gron]>s, since it is unlikely 
tliat ivA) hydi'uyyl groups»are attached to one carbon atom. TJio 
siStli carbon atopi >tili re[>rosent a k< tone or ald’ohydo group ; for 
tho sugars undorge. reduction and form adtlilivt) coiTipounds with 
hycrrogini cyanide and combine with b 3 nlroxylamine and phenyl- 
hydrazine. They all boiiavo more like aldehydes tlian ketoius, 
inasmuch as t In ‘y reduce alkaline coi>por sulphate and silver nitrate 
solutions; but, on the other hand, whilst glucose yiehls gluconic 
acid and galactose yields galactonic acid on oxidation, ^that is to 
say, substance.s which contain the same* miinhor, of carhoji atojns^ 
as tlie original* sugars, “fructose, under similar conditions, breaks 
ui>, and, among the products, irihydrtixy butyric acKl has been 
^identified. ^ 

The problem had a<lvanced to this stage when Kiliani puhlislu'd 
h^d researches. Ho hydrolysetl the cj’^aiihy'^driris of glucose, galac- 
tos^, and fructose, converting them into juonohasic acids. Th#y 
were then reduced witli liyilrioilic acid. Glucose and galactose yi(dd(‘d 
the same normal heptylic acid, whereas JJructose wsis converted into 
methyd butyl acetic acid. It was therefore assumed that^ glucose 
and galactofie are aldeJiydos and fructose is a ketone, a view which 
ufltil recently has b^en accepted. new theory of their structure 
which involves tho spatial configuration of the molecule has Ijeen 
brought forward by Lowry'* and E. F. ArmsL’ong'* and is discussed 
on p.,42. 

» 2?cr., 1S85, 18, 3000; 1880, 19, 221, 767, 1128. 

* Trans. Chein. Soc., 1903, 83, 1314. 

^f^Trans. Cl%m. Soc., 1903, 83, 1305. 
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Tlu> Jibiioniial Ijehavioiir of fructose in reducing alknlino^iifetallic 
salts, which is usually regarded as characteristic ^of aldehydes, is 
ascribecl to the ready oxidisability of hydroxy 'ketones. The case* is 
similar to tl;:it ol' the hydroxy-acids, \Yliich like tartaric acid are 
easily oxidised and separate silver from ammonia-silver #nitifjito, 
whilst simple dibasic acids like succinic acid have no such action. 

In the same y^ nr (1887) that Kiliaiii completed his researches on 
the consiitutioii of glucose, galactose, and imetose, Emil Pischer* 
prepared the first artificial sugar in the pure state, which he named ^ 
a-acrose. The substance proved to bo the inactive rei>resontativG of 
natural fructose. Then followed in quick ouccessiqp the synthesis 
of ordinary, or doxiro-glucoso and its optical enantiomorph, laevo- 
glucose, nalural fruit sugar or dextro-friictose, and the corresponding 
laevo comi^ound and a series of new artificial sugars. The stimulus 
given by Fischer to this line of research led to a more care|iil 
ex^am illation of the natural sugars, with the result that dextro- 
manuosc, first prepared artiiiciallj^ by the oxidation of mannitol, 
was found to be somewhat widely distributed in nature. The 
monosaccli arose group is now represented by sugars which cont<ain 
from two to ton carbon atoms, nienibors of all the storeoisomeric 
'tetrosos, all the aklo-pcntoses, and fourteen of the sixteen possible 
aldo-licxoses, in addiLion to the isomeric fructoses, sorboses, and 
other koto-hexoses. The following is a list of the natural and 
artificial monosaccharoses at present known, all . of which ^ Save 
been obtained aitificially and their configuration accurately 
ascertained.® * 

1 Ber., 1887 , 20 , 1093 , 2500 . 

» Ber., 1891 , 27 , 3198 . 
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lieptoscs 
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a-CMuco-octose 
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Aromatic ser}^ Plicnyltetrose 

•A now and cjmpleto cliaplei’ lifis thus boon added to orgajiic 

chemistry, llie far-roacliing eflects of which it is .still impossible 
to forecast. Meanwhile it has afforded deeper insight into a group 
of compounds intimately associated with iho main function of vege- 
table life, and at the same time provided a ])nlliant and convincing 
proof of the soundijK^ss of the van’t Jloff -I.(* Bel hypothesis. 

It is not intended to give an ab-stract of the voluminous litera- 
tui'ie which has been published on the subject of the monosaccha- 
rosei. To do to would Ae to defeat the object ici view, namely, 
that of placing before the student such facts as will enable him 

1 Sa 0 ¥oo!i#^te, p. ICt ® Bull. Soc. C7«m.,*1909, 5, 

8 Compt. mif?., 1910, 151, 9S6; 1911, 152, 1774. • 



^ GABBOHYDEATES 

to cloarly umlorstaiul ilie syiiilieiic methods for preparing Uieso 
subshwjes and the process by which. their configuration has bc'^n 
ascertained. 

. Ifatural Sources of the Mouosaccharoses. Bojre of- tho^.muno- 
^ saccharoses, like ghiooso and fructose, arc found ancpinbined.^ in 
plants and animals. Tho.se and others may al.so bo oblainod front* 
ofher vogotable products -the glijcosidos and j)oly.saccharu.ses — by 
the • hydrolysing- action of ferments or acids. Thus, d glucose is 
ft)und in amygdalin. sab'cin, populin, sinigriii, and in fact hi the 
majority of gluco.sides^ whilst rliamnnse Is Ibund in tpiorcitrin. * 
fustin, frangulin, tKc., and together with galactose in xanlK'orhaiunin. 
Among the polysaceha.i’Ose.s, cane sugar yields "'glucose aiiJ fyucto| 3 e; 
rath I lose yields glucose, fructose, and galactose, and the cellulose of 
the ivory nut and other carbohydrates give mannose on hydrol^'sis. 

Synthetic Preparation of the Mqnosaccharoses. Tlio fol- 
lowing synthetic ainithods have been devised for the preparation 
the luonosac^'lfArose.'l and, unless otherwise stated, have been 
elaborated by Emil Fischer.' , ... 

1. Pohjmvrisationj or A Idol Condensalionj of the lower mcribers of the 
groiq) tnj the aetion of a solution of an alJaili. Glycollic aldehyde has 
been converted into erythrose and glycerose ifito fructose (p. 2^)). 


20211,02 = 0,H,0, 

Glycollic lOrythroso. 

^ 2C:,H„0, = G„H„6; 

Glycerose, Fiiictose, 


2. 77*3 Oxidation of the Polffhf/drlc Alcohols. This is elTcicted by 
means of bromine in presence of sodium carlioiiate, of nitric acid, or 
of Fentob.’s reagent (hydrogen peroxide and a trac^ of ferrous salf^. 
TL-e product may he an aldehyde or ketone or. a inixlare of the lm>. 
Thus, glycerol gives glycerose (chielly dihjalroxyacetone), whilst 
mannitol gives the aldeliydc, mannose. 

‘ C,H,,0e. + 0 - 0,11, 11,0 

Mannitol. Manno^^e. 

3. The Oxidising uclian of the ‘ Lrhose hacicrium ’ (bacter ium xglinum). 
Bertrand ® found that by the action of the sorbose bacterium, as, he 
named it, the alcohol is converted into tlie ketose rugar. Gly's^erol 
gives dihydroxyacetone, erythritol gives the ketone, erythrulose, 
arabitol forms arabiuulose, sorbitol gives sorbose, mannitol gives 
fructose, and so forth (p. 38). 

‘ her., 1800 , 23 , 2127 ; 1801 , 27 , 3190 . 


* Ann. Chim. Phys., 1001 ^8), 3, 181. • . 



SYNTIIKSTS.OP MONOS AGGIT ARISES 

. The action of the ori»:aiiism is se.lectivG, depending, as we shall 
see later (p. 38), on thft configuration of the alcoliol. 

* #riiis method also serves *tho purpose of obtaining activ'e poly- 
hydric alcohols; Yor on- reduction of the ketoses, formed by Rer- 
trand's la^torwim, a* how a^ynimelric carbon atom is created which 
^indei^'the asyiiiinetric conditions of its forinatkui produces, or may 
produce, unequal quantities of active products. Thus, cf-erythrulose 
gives on reduction d-erythritol as well as the meso product, whilst 
d-sorbose gives d-iditol along with d-»orbitol. • 


CTT./)II 
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1 

H- -0- OH 
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The licdiiction 4)f Hie Lactones of Mono- and J)i-hasir ^llifdruxn 
Acids, The proc&s was devised by Fischer artd is «o^ very general 
appVication. It is effected by means of sodium amalgam in a solu- 
tion maintained slightly acid by the addition of sulphuric acid. 
The object of keeping the solution acid is to pr4>vent the hydro- 
lysis <ff the lactone l5y the foimation of the sodium salt which 
' withstands reduction. 
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• (ilUGuSe. 

£?-Saccharic acid can be transformed in the same w&y into 
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Gluconic lactone forms glucose. 
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THE CAEPOHYDRAl’ES 


6. Gonveh'swn of a Higher to a Lower JHonosuccharose, This is 
effected by a nietliod which is due to Wohl ^ and consists 
removing water and hydrogen cyaniSe in the following mannai-r 
The monosacchai'ose, for example, glucose, is converted into the oxime 
with hydroxyliimiue. Tlie product is tlien acted uj^lbn With**acetic 
anliydride in of sodium acetate, which removes a*jiid!e-^ 

cule of water and at the same time acetylates the hydroxyl groups, 
iorming the nitrile of penta-acetylgluconic acid. Ammonia silver 
nitrate solution ixow removes hydrogen cyanide and gives the acetyl 
derivative of the pentosy^, from which, by the action of £immoiii%^ 
an acetamide derivativoiof the 2)entose is produced. Finally, by the 
action of sulj)huric acid the pentose is liberated. 
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CIIOII 

, CIIQ 
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(CII0I1)3 
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1 

(CilOH),.. 

j ^ 

(OHOH)* 
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Glucose. 

^ CII,OH 

Glucose oxiinc. 
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ciLon 

Gluconic nitrile. 

ciisjOrr 

Ai’ubiiiose. 


By this method glucose has been converted in siiccossive j^tages 
into arabiiiose, erytlirose, glycerose, and glycollic aldehyde. 

6. Another method, due to Ruff,® produces a similar result. 
The monobasic acid obtained from the higher nionosacch arose is 
oxidised by means of Fenton's reagent — hydrogen peroxide and a 
trace of ferrous salt — to the low’^er sugar. Gluconic acid from 
d-gliicosG lias boon converted into d-arabinose and d-arabinose into 
<1 eryilirose. 

0,11, A Ceii,.A + o==Gji,A + co,+ii20 

Olucdso. (ihii'oiiic; nci<l. Ar«biiio.>o. o t 

7. Weermaiin® acts upon the lactone of the acid with alcoholic 
ammonia, which gives the amide, and the latter with hypochlorous 
acid yields the lower aldose. 

IICU) 11,0 ^ ^ 

- CII(0I1J . COiN 1 1. -> - CH(OII) . N : GO - CHO + + 00^ 

8. Lob * found that d-glucose may be directly oxidised to f/-arabinose, 

and formaldehyde by electrolysis in dilute sulphuric acid, using a 
lead anode. ^ c 

1 Ber., 20.,7:J0 ; ISilT, 30, 3101 ; 1809,32, 3660. 

* Bert, 1S08, 31,' 1573. Ahsti'.j 10^5, ft r.87. 

< Biochnm Zdt., 19U9. 17. 132, 313. 



9 


SYNTHESIS OF THE MONOSAGCIIAKOSES 

1 

■ 9. Another electrolytic oxidation ‘method has been studied by 
Nfjuberg.* The sugar is first converted into the copper salt of the 
rncnobasic acid, ^^hich is then electrolysed, whereby it loses carbon 
dioxide and hydrogei^, and gives the next lower hoinologuo. 

10. Conversion of a Loivcr to a Hiyhnr Monosnccharose. The method 
eonsisfs in • producing the cyanhydrin of the lower sugar, con- 
verting the latter into tl}/^ correspcAiding acid by hydrolysis, aiul 
reducing the lactone as previously described (i>. 7). Glucose has 
been converted into glucoheptoso in this way. 



.ON » 

COOli 

Clio 

CITO " 

^ 1 

1 

qiiOH 

j 

CHOU 

j 

CIIOII 

1 

■'(CII0IT)4 

(0110II).i -> 

1 

(OIIOII)^ 

i 

enroll 

(Cl 1011)4 


OHaOH 

CH,01I 

(llwcoso. 


Clliicolieptose. 


xt should be pointed out that in the process -a new asyininetric 
carbon acid is introdiicc'd which may form two eiiaiitiomorphous 
arraiigei'iients and consequentl}'^ give rise to two products. This is 
actually the case, for on turning to the table on p. 6 it will be 
seen that a- and /)*-glucohe ptoses and a- and /i?-galahoptosos are forniod 
i'roin tlfo corresponding hoxoscs. On the other hand only one product 
is obtained from mannose. 

11. intrreonversion of Isomeric Aldoses, The conversion of ono 
in onosacch arose into anoiher luis been effected in the following way: 
Fischer found that on lieating the monobasic acids (derived from the 
^sugars by oxidation) in aqueous solution witli pyridine to a tempera- 
ture of 180 150“ a nioleculiir change occui’S. The hydrogen atom 
aiYo»hydrox 3 d group attached to the carbon atom next to the carboxyl 
group are intorclianged and a new storooisouieric modification i ^ 
pj*oduced. It occasionally haiq^ous that the conversion is complete; 
but, as the pi ocess is reversible, the original and the newly^ formed 
product are as a rule present as an ecpiilibriuni mixture. The 
reaction is analogous to the conversion ol a.ctivo into racemic and 
meso tartaric achl'when heated with water (see Part IT, p. 187), and 
may be represented as follows : 

GooH coon 

I I 

H— c— on no- C-H 

! I 

(CIIOII)„ (CHOH)„ 

!'■ i 

cii.oH ciiaon 

^ Biocheni. lr.eiL^ 1010, 24, lu2. 
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Tlie adtlition of « weak base 'like [»yricline prevents the formation 
of the kictoiio, wliich would interfere \vitli iho process of coiivorsijf^ii. 
The method is ca|)able of veiy general application, nnd has proved of 
the greatest •value, not only in the synthesis now sugars, l)ut in 
affording an invaluable jneans of ascertaining their stereocjieiiiieal 
relations. Among the pentoses, arabinose has been converted ^siu* 
cessively into arabonic acid, then by iuv<‘riion into ribonic acid, and 
linalty, by reduction of the lactoAe, into ribose. Xylose has be?«,^n 
transformed in the same way mto lyxose, whilst in the hoxosc group 
mannose has been converted, into glucose ^lUd ,gahictose into tales** 
Also a dibasic acid sucli as mucic acid has been traiisJ|jprmod into 
the stereoisomer ic alloniucic acid.’ , ^ • • 

12. Conversion of Aldose into Ketose, The change of aldose* to 
ketose may be effected by the aid of phenylliydrazine, a reagent which 
in the skilful hands of E. Fischer has proved invaluable, jiot only for its 
present object of converting one sugar inio anotlier, but in the more 
genoralfy useful purpose of isolating, purifying^ and identifying ifJie 
mono- and dv:sivccbai\)ses. All the ketose and aldose sugars combine 
with one molecule of pheiiylhydrazine, forming phenylhydfazdnos. 
These substances, with the exception of the hydrazone of mannose 
and a few of the 'higher members of the group, are very soluble in 
water. If, however, an excess of jffienylhydrazine (at leaslt three 
molecules), in tho form of an aqueous solution of the acetate, is om-^ 
ployed, aA insoluble yeljow ciystalliiie substance is deposited, on 
wanning, wliich is known as an osazone. Gsazones.are formed from 
all compounds (jonta'iiiing a ketone and carbinol, Aldehyde and carbinol, 
or two aldehyde or two ketone groups in juxtaposition, and have the 
general formula : 

R.C - N.NIICeHs 

' K.<!) = N.NnColIs' 

Thus, glycollic aldehyde anti glyoxal give the same osazone ; 
lie = N . NHCyllg 

I 

' lie =^N.NIICcTl6 

but in the former case the process lakes place in two stages. .The 
phenylhydrazoiie is first formed and theil undergoes oxidation "at tho 


^ Vc-todek ha^ suggested the use of the prelia ‘epi^ to indicate t^is mod© of, 
derivatiop. Thus, in place of lyxoso the name epi-iylose wohld bemused and 
lyxose and xylose would be termed ‘ epimorie\ (Ber., 1911, 44, 819.) 
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I 

exj^ense ol* a second molecule of phenylliydriizino, which thereupon 
href ks up inio ammonia and andinc thus : ' ; 


CIItN.NIlGjf-: 
ClLOll ’ ’ . 


H Nil,. >’J1 Cells 

OH : N . N lie, ,11- 

.= I 

Clio 


+ Nil. -I C,,II-,NII, 


The aldehyde hydrazone then unites with another molecule ot 
phjnylhydrazine to form tht'osazoiie. i 


CH : N . NlIGolIa OH : N . N LIGuU., 

I + ’XII, . NECoU, = 1 ■ + H.,0 

cue 0II:N.N11C,II, 


In thw case of glucose the changes will* be 

OH-.N.NJlCoHs 


ClIiN.NIICJt^ 


CHOH 

(ijHOH), 


CIIaOH 


CO 

(CIIOH)j 

CHoOH 


Glucose )iVloiiylli.vdrii/.ono. liitermcdiato product. 

Fructose behaves in a similar fashion. 

.V CII,OH CHO 

CiN.NIICoII-, 

• (OHOH);, 


C:N.NHC«H, 


(G110H)3 


• C1I,0U 

Fnict^^so pliciiylliydijnzoiie. Intonucdiatc product. 


04*20 II 


represented as follows: 

CJI:X.N1IC...I15 

C:N.NUCon3 

I ^ 

(C1I01I)3 

• (3HijOH 

Olucosazuiio. 

‘ CIIN.NHCeHi 
OtN.NFCulI-, 

I 

(CHOII), 

CII2OII ^ 

Olueosazoiio. 


It should be noted that the ju’odiicts obtained from natural glucose 

and natural fructose are not isomeric but itleiitical, a point of some 

importance in connection with their space configurations. • 

Kow if the os:izo.*e is warmed for a moiiiont with strong hydro- 

-chloric .acid it is hydrolysed and ferries a ketosiic aldehyde, which 

is known as an osonCj and two molecules of phenylliydraziiie are 

removed. 

»- 


1 (A method of purifying a sugar is to prei^iro the pure phouylhj'^drazone (or 
the bromo- iiitro- or diphenyl derivative) and regeiiorate the sugiir by heating 
M’tli benzaychydp or formaldehyde, whereby the hydrazone group is traus- 
ferred to the aldehyde and oxygen takes its place. 
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• WE GA-RBOHYEl^ftVriUlS 


) 

*. 

CII-N.NHObH, 

1 , 

CtN.NIICeHj 

Clio 

oo , 

1 +2HaO + 21101 = 

= 1 +2CuHiNH.NH.,. noi 

(UITOII);, 

(OHOH)/' 

•CII^OII 

CHaOII 

Gliicosa/oiic. 

Glucn.^pno. 

The osone can be isolated in the form of its lead compound, anil 

gives, on reduction with zinc dust and glacial acetic acid, a' ketose. 
In this way glucosone^can be converted into fI*uctose. 

Clio 

1 

CI-LOII 

• 1 

CO 

1 ■ 

CO 

1 .+11. 

= 1 

(0H0II)3 

(CIIOII), . 

1 

cn,0H 

1 

CH.OcII ' 

n <li luou.su lie. 

s 

rnictoso. 

Another way of compassing the same end is to reduce the* osazone 

with zinc dust and acetic acid when an osamhie is formed. 

CIIiN.NlIOuH,, 

ciu Nir, 

1 

0:N.NII0„1I-, 

1 ■ +«.,0 + 21I. 

-h 

C,.lI-,Nn.NH2 

i — 1 4 . 

(CII0II)3 • 

(01I«!)lI)j 

OH., on 

GJIjjOII 

0 GluCO.sUZOllO, 

Fruc.fo.’saiiiiiic*. 

The latter on treatment with nitrous acid then fo^-ins the ketose. 

OIL. IS II, 

I 

CII 2 OII, 

1 

CO 

1 

00 

1 +112^0,- 

1 4N.. + ii,o 

(CHOU), 

(CUOII). 

1 

CIL/)II 

enroll 

Fruclosiiiiiiiie. 

Fniutoso. 


13. Conversion ofKetose into Aldose, ^Tlie only ^way of prc^clucing 
this change is through the alcohol in the following steps: ketose— > 
alcohol — >iihleliyde. Thus, fructose on reduction yields a mixture 
of Sorbitol and mannitol, which on oxidation fo^m r^pectively 
gliicoscT'and mannose. The polyhydric alcohols, it should be added 
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can be purified in some cases by Meiyiier’s nieAiod, which consists 
in ^combining the alcohcil with benzaldeliyde and thus forming a 
ci^e^alline benzyli^ene derivafciVe. They also undergo condensation 
W’ith one, two, and three molecules of acetone, whereby crystalliiu* 
mono-, ^li-, and' tri-isopropylulene derivatives are produced, similar 
in structure to compounds of the sugars (p. 48)/ Both benzjdideiie 
and acetone compounds arc readily h 3 ulrolysed with dilute acid and 
yield the polyhydric alcohols. * 

14. Inversion of Stercoisomeric Aldt ^es. ^Phis lias ))een olTecied 
by Fischer the graduated rediielion oT the dibasic acids. Its 
significance w'ill be more apparent when tno qvestiou of configuration 
is considered. It will be clear, however, that, if the four asymmetric 
(•ai*l) )u atoms present in gliuoso have diiferent values, a new 
stercoisomeric sugar will be formed by iiitercliaiiging the end cariniiol 
and aldehyde group. 

’ C1T,01I Clio 

t (011011)4 -{GHOnti ■ 

I I I » 

* * CHO cn/)i{ 

If the lactone of saccharic acid is roclucod it forms first the 
aldeliyde acid, viz. glycuronic acid, thou gulonic acid, in which the 
original aldehyde becomes a carbinol group ; if the lactone of gulonic 
acid is further reduced, the inverse arrangeinont of caibinol and 
aldehyde is finally eftected, and tlie product is known as guioso. 


OHO 

ooon 

Clio 

GII.piI 

011,011 

1 ^ 

(6 hoh )4 

(CllOIl)t 

1 

-s> (OHOH)i 

1 

(011011)4 

(OIIOH). 

CHaOII 

copii 

1 

GOOH 

coon 

CHO 

Griucose. 

Saccliurie 

Gl^'ciiroiiic 

On Ionic 

Gldosc. 

1 

• acid. 0 

acid. 

acid. 



15. Interconversion of Aldoses and Ketoses. Lohry de Bruyn and 
van Ekenstein" found that under the influence of alkalis, alkaline 
earths^ sodium acetate, lead oxide, guanidine,^ &c., the liexcses are 
slawly transformrtcl into mixtures of their isomers. Each of the 
liexoses, glucose, fi'ictose, and manfioso, forais under these con- 
ditions a certain proportion of the other two, together with certain 
other*sugars, e. g.^lutose, a-^-ketose, which is also found in molasses. 

1 Fischer, J?cr., 1S94, 27, 1536; 1895, 28, 1167, 2169 ; Irviiio, TVans-., 1914, 105, 
89a; 1916, 107, 337. 

* The four asyuimctric carbon atoms. % ^ 

• * Ber., 18%, 25 3078 ; Bpc. irav. chim. Pays-Bas.^ 1900, 19, 1 ; 190S, 27, 1. ' 

3 Morcll and Bellaira Trans, Chsm. Soc.^ 1907, 91, 1010. ) 





/)-Galactose under fsimilar conditions yields *“7)- talose and also two 
ketoses, »^-tagatose which has been idegtified as ii-sor])Ose, and 
/)-tagat()se which gives the same osaisoiiQ as Tl-galactose. 7>-i^fiose 
and 7>-idose give i>-sorboso, and i/r-fructose is obtained in the same 
way from ordinary fructose, and X-araliinosG*i6 partjall;^ transformed 
into Ty-iibose. The explanation of these changes will be «iis(jjissed 
later. ‘ * • 

The following is a short account of the principal monosaccliaroses. 
Blose. Glyc'dlic aldehyde, is the only bioso. 1^’ischer originally 
prepared it in an impure state by the action of cold baryia water 
on broinacotaldohyde. ‘Move recently Fenton*^ has obtained it in 
crystalline form by heating dihydroxymaloic acid in py^-idiiie to 60°. 

C(0II).C001-I CILOVl 

II = I H-2CO, 

C(0II).C001I CJ-IO 

It gives the general reactions of the sugars, ami with sc^lium hy- 
droxide pol 5 miorises to a tetrose. , • 

Trioses. Fischer and Tafol found that A giixture of glyceric 
aldehyde and dih yd roxyacetone was obtaijied by oxidising glycero’ 
with dilute nitric acid or with bromine and sodium carbcftiato. fl 
forms a syrup which polymerises in presence of sodium liydioxidt 
solution, yielding a-acrose (see p, 10). Pure, inactive glyceric aide 
hyde was subsequently obtained by ^Vohl’* by cai'orully oxidisinj: 
acroleiii-acotal with cold permanganate solution and then Jiydrulyshig. 
CH(OOai,). C lliOC.H,). 011 0 

I “ - -- 

CH ciroii 

II i 

CH.J ClIgOH enroll 

Acriiltiin-iicetMl. Olvcciic aldoliyile. 

> '* A. 

The two active compounds were pr(' 2 )ared from the corrospoiiding 
isoserine aldehydes by the action of nitrous acid.* 

(NH.J0U, . CIIOIT . OHO + IINOg 

Isoburine-aldcliydo 

= GHjjOlI . CIIOH . Clio -1 N. H H 2 O 

(jilyeeric aldeliy^c. * ^ 

Glyceric fildehyde is charac!.erized by the formation of an insoluble * 
crystalline substance with phloroglucinol dissolved in hydrochloric 

^ The use of tlie capitals D ainl L have a spcy^ial slgnilicajjce which is explained 
in tlie foot-note p. 17. 

« Tram. Chem. Soe., 1894, 05, 899 ; 1895, 67, 48, 774 ; 1890, 09, 546 ; 1897, 71, 
375 ; 1899, 87. 804 ; 1905, 87, 804. • 

»i©er., 1898f*31, 1796, 2394 ; 1900, 33, 3095 ; 1914, 47- 3346 ; see also Witze- 
xnann, J.Amer. Chmi. Soc., 1915. 30, 1908, 2223. Ber , 19K, 4''/,.f0846. 
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acid, which the ketone* cloes not give. As the i^-oduct obtained by 
Fischer and Tafel gives np leactioii with pliJoi-ogJiicinoI, it probably 
cqiftains no aldeliyde (see p. 20). Dihydroxyacelone has ob- 

tained by Piloty ^•fiohi formaldehyde and nitro met bane in the 
following- way. •, Oonthmsatioji of three molecules of aldbhydo with 

one gf iiltrometbaiio is lirst ellocted : 

# 


ClIj^OlI 

I10H,0.C.N0, ^ 

Cll.QII. 

Cll.,011 

I " 

C:NOLI 


cm ,011 
I 

I101L.0.C.NI1.()U 

I 

Jni.xm 


rM iloO 


CILOII 

I 

CO 


lInO 


^ Cll.,011 ‘ CI 40 H 

I ’ 

0«‘ireliil r4jduction_ converts the iiitro compounjil into the hydroxyl- 
ainiiie derivative, ^and subsctpient oxidation with iuercnric oxide 
yields the oxime of dihydroxyacetoiie, which is then "ii’ilje rated by 
oxidation with bromine and water. TIkj ketone is also obtaimal by 
the action of Jlertraiid’s sorbose baalerinm on glyctsrol (see ]>. dS).'*' 
Tetroses, An impiiio product was originally obtained by the 
^jxidation of orytbritol (a letrahydric .‘ilcohol found in certain Hcliens), 
and also by the polymerisation of glycollic aldehyde. Both products 
were inactive. More recently Wohl and Kaff have been .successful 
in obtaining tlirc/a of tlio*four possible active forms from the active 
pentoses. Thus the \etrose known ns i>-tliroos'e was obtained by 
^ohl ‘ from 7>xylose, and i-oiythrose fi’om 7y-ai*nbiuose, whilst Kulf^ 
prepared !)• and Z-erylbrose by oxidation of D- and 7>-!iral)onn; acid 
ami 7>>-lhreose 71-xylonie acid. All tlio tol.ros(‘s yield ery- 

thriipls on redaction and mono- and di-basic acids on oxidation. 
Whereas the tetroses contain two dissimilar asymmetric carbon 
atoms, and can therefore form two pairs of enanliomorph.s, ihr* 
alcohols and dibasic acids (tartaric acids), which contain two similar 
asymmetric carbon atoms, can only produce two active (racemic) and 
oiHfe meso form. JSatural erythrilol represents the meso form, for it 
is obtained by the reduction of 77- ailtl /y-erythroso, which in turn 
yield^ mesofariaric acid on oxidation, whilst Griner's® erythritol, 
which^he prepai^d from butadiene tetrabromide, is the racemic 


1 5«r., 1897, 30, 3161. 
• Ber., 1899, y2, 3066. 


* Cumpt. rmd.f 1808, 126, S42. 984. 

* Ber., 1899, 32, 3672 ; 19t*i,'34, 1370 
6 CutnpL rtnd., 116, 723 ; 117, 553. 
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THE CARBOHYDKATES 


modification. The -ollowing table represents these relations ; where 
the source is not mentioned it implies that the substance is obtained 
from i'ne most closely related product by oxidation or reduction j . 

Tetrodes. 


Tetri tol. 


i-erythritol 

(mitui-al) 

Z-erytliritol 
vfrom erylluuloM.' 
iJ-erylJirilol 


Aldo-totrose. 

D-orytlirose.^ 
(from X)-arjibiiioso) 
i-erytl.rose 
. (from L-arabiiioso) 


D- tlirooso 
tJVom 7^‘Xyloso 


Tetronic acid. 
/>-erytlironic acid 


Tartar' c acid- 

i-tartario acid 

Ld-tar baric acid- 
/i^daitaric acid 


In addition to the above tbei*e is a methyl tetrosc which has been 
prepared by Wohl's method from rliamnose, and a ^ phenyl tetrose 
which I^ischor and Stewart^ obtained from phonyltrihydroiiy butyric 
lactone by reduction. * * * 

Pentoses. iTne^pelitosGS contain three asyanmetric carbon atomSy 
and can therefore exist in eiglit storcoisoinoric forms. All thefe are 
known, namely, J)~ and /y-arabinose, J)~ and /y-riboso, Z)- and 
Jy-xylose, and JJ- and /y-lyxose. i-Arabinose is a vegetable product 
and was llrst obtained in 18G9 by Scheibler,' who gave it tlio formula 
CjJlj20f] and included it among the glucoses. SiibseipicntJy Kiliaiii,-' 
by a carciul analysis of 4ie osazone, showed conclusively that it had 
the formula C.r^lTioO,-, and was a pentoso. IIo id so prepared the 
cyanhj^driii, aiid b^' hydrolysis, followed by induction, fcranstb nned 
it into normal caproio acid, a further proof of the correctness of his 


analytical results. 
CKO 

ON 

COOU 

coon 

r* 

(OHOIl), 

I 

(CII0TI)4 

(CIICH), 

j 

(CII,), 

1 

1 

CH^OH 

1 

CIT^OH 

I 

cir^oH 

CII, 

Arabinose. 



Caproic aci< 


Arabinoso is prepared from guin-arabic, cherry-gnin, and certrin 
other vegetable gums by boiling Avith diluto*^ sulphuric acid, pre- 
cipitating tho acid with limo, filtering, evaj^orating to dryness, and 
extracting the residue Avith alcohol. On evaporation of the alcoliol, 
arabinose crystallizes in colourless needles which are strongly dextro- 
rotatory in solution. Arabinose is therefore not present as such .in 


' i?er., 1892, 26, 2555. 


Jer., 1887, 20, 3bJ. 
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the gnm, but in a higher comi)lex known as. a pentosan, whicJi 
pfobabl}' bears the same relation to .arabinose that starch ncloes to 
gliftos^ It appear anomalous to denote by Hie expression 

‘ X-arabinose ’ a strojigly* dextrorotatory compound ; but it must be 
rein era j)erefl that the terms hievo and dextro, wlion aiiplied to the 
^gTirsf have lost their original meaning, being no longer used to 
indicate optical character but stereoisomeric relations, in accordance 
with a suggestion ol* Fischer. Since, as we shall shortly see. 
ordina^*y arabinose is directly related to X-giucose, the ioriuer, in 
^fi^ite of its doxtro-ro1;p.toj*f chariicter, is Jterfned X-arabinoso.' The 
optical enantiomorph, 7.)-aTabinoso, is oblaineil from grape sugar by 
Wohl's ftncCltuff’s methods. , 

^ffibose, the third isonler, is pi*epar«‘d by the reduction of ribonic 
lactone, tlio latter being obtained by inversion from X-arabonic acid • 
by heating witji pyridine in the manner already indicated. 

• * . 

X-arabinose X-arabon4c acid — > X-ribonic acid — > X ri]:)ose. 

The enantiomorjihlXriboschas been obtained l^y Tjoveneand Jacobs 
from^tlie nucleic acid of animal and vogotablo ctHs® ^ind by van 
IJkonstcili and Blanksma by the inversion of /)-ai*aI)oinc acid.® 

A second naturally occurring pentose is known as 7>-xylose and was 
discovered in t(S8G by F* Koeb. It is isomeric with arabinose and is 
^prepared from wood-gnm, a substance which forms part of the woody 
cell-wall of many plants, in which it is present in tlio form.of a poly- 
saccharose or pentosan. ^ X-Xylose is obtained hy •WohUs method ^ 
from 7v-gulose. -X-Lyxose, the seventh isomer.^ is (obtained from 
J) xyJos<} in precisely Llie same mnnnei* jis that by which ribose is 
/lorived from ai abinoso. Both J7- and X-lyxose have also botui pre- 
pared from I)- and 7y-galactose by Wohl’s and Kuifs meiliods.'* In 

• ■ - * 

> Accoidiiiij to the system .idopt«<i by Fischer, tlie <lesignat ions doxtro and 
laevi/^d, Z') arc iised'to deiioU, not <Iie sign of rotation, wJjicIi may bo in eitJier 
sense, Imt I In- I'ldatiDiiship of tlio .sugar to dextro- and laevo glucoso, to wliicli an 
arbitrary con ligii ration is given. Tims, ordinary fructose, whicit is laovo-rolatory, 
is teniicd di*xtro-fructoso because it is rolatcd in configuration to d«‘X(ro-glucose, 
and in the same way natural arabinose, which is dextro-rotatory, is termed 
lacvo-arahino''o on account of its relation to laovo-glucoso. It is clt‘ar, tiicrcforo, 
that two symbols are .^)qi]ir<‘<l, a uaiiio or symbol for tho family and a second 
symbol for tho rofatioii. To avoid tho coufiisi * >11 which tho nso of one symbol 
• involves, the largo ifalics L and ]) arc used to imlicate iTio family ami tho small 
italics the rotati<»nj All derivatives from L and D glucose in the tables will 
belong^lo X and D families respect ivei^ , irrospecli\c of their actual rotalions, 
the mesq compounds ^nly being (Jijsliiiguishod by lln* symbol i and tho inactivt' 
mixtures by dl. Where such a symbol as 1)1 occurs ibiinplies that tl»e snbsiaiice, 
tliough laevo-rotatory, belongs to tho D family. The symbols a and j8 are 
explained later (p. 42). 

« Ber., 1909 42, 3247 ; 1910, 43, 3147. ^ ' 

3 chera, 1913, lO, 064. 

* van Ekenstein and Elanksina, Chem. Weekblad^ 1914, 11, 1S9L 

PT. JJI jO 
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deturmining the configuration of the sugars, it is of fundamental 
importance to reniember that ribose and xylose give different but in- 
active trihydroxyglutaric acids on oxidation, whilst those from B- arid 
A-ai*abinoso aie active, 

The pentose sugars are readily distinguished from the-otln^r mono- 
saccharoses by boiling with strong hydrochloric acid, which convei-s 
them into furfural. The change may be represented thus : 


IlOiOII— OH /OU> CH OH 

II II 

II-GH C/XljOHi.CHO - CH O.CHO 

’ \ ^ X/ . 

0:H - O 

Pcntoso. Furfui’al. 


Tollens* reagent (a solution of phloroglucinol or orcinol in '^strong 
hydrochloric aicid, producing, on warming, a deep cherry-red or 
violet coloration according to the phenol used) is a useful qualitative 
test for a pentose. . 

Tlie following table contains a list of the known pentose'^ and 
substances related to them : 

Pentoses. 


Pentitol, 


Aldo-Pentosc. 


Poniouic acid. 


Trihy droxy-gl utaric 
acid. 


i-xylitol 


n-arabitol 


D-arabitol 


D-\yIoso 

(jiuturul) 

' i-xylose 
, (P'oiii Xi-gulose) 
71-lyx()so 
(from Zl-xylonic 
acid and iv-galac- 
tose) 
L-lyxoso 

(from i- galactose) 
Il-arabinose 
(from i^'glucoso) 


Z,-arabitol 


t-adoiiitol 
(from adonis ver- 
nal is (Merck)) 


L-arabiiioso 
(natural and from 
Z-glucose) 
2i-ribose 

(frdAi L-arabinhsc) 
D- ribose 

(from nucleic acid) 


Zl-xylonic acid 
O-lyxoniG acid 


^^/-xylo- trihydroxy- 
glutaric acid 
m. p, 162'^ 


D-arabonic acid 
L-arabonic acid 
L-ribouic acid 


n- trihydroxy-glutaric 
acid 

w. jp. 127° 

L-tribydroxy-glutaric 

acid 

1 m. p. 127° , 

T-ri bo-tx-iliydroxy- 
gl utaric acid 
m. p. 170-171° 


Several methyl pentoses are known and are found in the table on 
p. 5. They* Include L-rhamnose, a constituent of various glucosides 
(p. G] , B- and L-isorhammse, one of which was obtained by inversion 
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of rhamnonic acid and the other from purgic afeid (a constituent of 
coiivolvulin) ; L-fucose, \\4iich is found as a glucoside in seaweed, and 
its'^ P-enantioinqrj^i, twined also rhodeose, found in the gliicoside, 
coiivolvulin along*with P-isorhaninose. Aiii-rhodeose -^is obtained 
from rhodeoee inversion ;*and chlnovose^ which occui s as an ethyl 
g^uc%si^o in chinovite, of cinchona bark. All these substances, on 
heating with hydrochloric acid, are converted into methyl fui-fiiial.' 

Hexoses. The properties of the htpcoses are included in the general 
account of the monosaccharoses alresfdy given. Tfley diller, how- 
ever, from the majority oj the other sugag^ of the group in two 
important respocts. Wlfeii boiled with*dihU;e inincral acids they 
form levulinjc acid, and^ together with glycerose and maniio-nonose, 
are tjie only sugars which undergo for mentation with yeast. The 
subject of fermentation is more fully discussed on p. 30. 

The^Jiistoiy of the synthesis of the hexoses begins with an observa- 
tion of BAtleroW^ in the year 1861. He found that by the addition 
of lime-water to aJiot ^olutidti of trioxy methylene (a solid sufisliinco 
produced by the polymerisation of formaldeh 3 jile) m^hj/lenitan is 
forme^, which is described as a sweet yellow sytup, giving I he 
ordinary inactions for sugar, but optically inactive and incapable of 
fermentation. A considorable advance was made when Jjoew " dis- 
covered that formaldehyde and lime-water at the ordinary tempera- 
ture yield a sweet syrup of the formula 0^11, 2!^, whiclx he termed 
formosc ; but this also was uiifernienUible. A special in teresl* attaches 
^ to this reaction, since it g%ve substantial suiiport to a theory advanced 
by Baeyer,*' that ifie carbon dioxide, assimilated by Jibe plant as&tarcli 
or sugar, may pass through the stage of foriijaldehyde.* Shortly 
afterwards Loew^ modified liis method by replacing the lime by 
magnesia, and obtained a syrup which underwent fermentation. The 
new^n-oduct was ca&ed melhose. All three substances appeaf ^-om 
Fischer’s subsequmit investigations to be complex mixtures containing 
a-acrose, which Fischer and Tafel had lueaiitlme obtained in a state 
of purity by entirely different methods. * 

By the action of baryta on acrolein bromide a mixture was obtaint^d 
from which two sugmrs, named a- and /i-acroso, were isolated in the 
^form of their osazones. * 

2C3ll4QBr2 + 2Ba(OII)2 = CyHi^O^ 

This method was ♦ afterwards modified by substituting glycerose 
(obtained from glycerol by oxidation (p. 14)), which, under the action 

* AnnaleUj 18G1, 120, 295 ; Compt. rend,, 1801, 53, 115. * 

* ./. predet. Chmn., ^886, 33, 321. ^ Ber., 1870, 3, 67. 

« Ber., 1889, 22, 475. • » Ber., 1887, 20, 1093, 25(3h. 
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of dilute alkali; polymerises. ' The product is a syrup from which 
a-acroso can be separated in the form of the crystalline osazoue. 
a-Acrose“ was su))sequently identified as ii^acti^e . fructose, wlnilst 
^-acrose ha? "been shown to be dZ-sorbose,'* and the reaction was 
explained by Fischer as taking place in the folJowini, wny: 

CH.,C)H CH..OH OIJsjOH CH.Oll 

. I “ I ' I . I 

OHOIl H CO =CI101I CO 

f- I 11- 

Clio CIlaOH CHOH— CIIOH 

< < )y ce rose. Fructose . 

As, according to Wohl,* little, if any, glyceric aldeh^’^de h, present 
ill Fischer’s glycerose, which consists, therefore, almost wholly of 
dihydroxyacetone, the action of the alkali must produce partial 
intramolecular, change from ^ketone to aldehyde. The process by 
which a kotose is transformed into an aldose is (piito consistent with 
observations of Lobry de Bruyn, who noticed tliat any one of the 
sugars, fruejiv'^c, glucose, or mannose, forms under the influence of 
an alkali an* equilibrium mixture of the three (see p. 18). The 
a-acrosazoiie, which was separated from Fischer’s product, and closely 
resembled glucosazone, was converted into the osone and finally into 
the pure ketose. The latter proved to *be the inactive form of 
fructose. By partial fermentation with yeast the D-enantio- 
morph or ordinary fr-uctose is consumed, and 7y-fructose remains 
and may bo sepaiatod. On reduction of hiactivq fructose, inactive 
mannitol is fuiiiicd wiiicli, on oxidation, yield j inactive mannose and 
inactive mannonic acid. The latter can be separated into the optical 
enaiitiomorphs by fractional crystallization of the strychnine or 
morphine salts. Thus a d- and ^mannonic acid are x)i'oduced, ^each 
of which undergoes molecular change on heating with pyridine, being 
ti’aiisformod respectively into d- and Z-gluCoiiic acid. The lactones 
of all the four acids can, on the one hand, be reduced to the corre- 
sponding sugars or, on the other, oxidised to the dibasic saccharic 
acids. In this way two mannoses,*^ two glucoses, and four saccharic 
acids were prepared artificially by Emil Fischer. Natural fructose, 
although laevo-rotatory, is I>-fructose, sincoit is related to 79-glucose 
for both 7)-glucose and ordinary fruit sugar yield t^he same 79-gluco- 

1 JJer., 1887, 20, 3;i84. ‘ * , 

^ a-Acrose may also be obtained by the condensation of three molecule^ of 
glycullic aldehyde (Fenton), and it is stated that a-acrose is also Ibrniod by the 
action of ultiaviolet lie'll! or sunlight on an alkaline solution of glycerol [Compl. 
rend, 1011, 152, 5tl5). ' » Schmitz, Bcr., 1913, 40, 2327. * 33, 3005. 

^ See also Hudson and Sawyer, J. Amer. Chetn, Soc., 1917, 39, 470. 
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Stnzono, and the laitcr can be converted through the osone intc 
ordinary fructose (p. 11). The same Z^-glucosazono is also given by 
i7-inannose, whicli consequently may be likewise converged into 
ordinary fructose. 

This close relationship between ilie three natural stigais, Z)-glucose, 
jD-fru close, and 7)-inannose, has a peculiar interest from the fact >f 
their occurrence side by side in nature as^.well as from their stereo- 
chemical connection, which will be discussed presentl 3 ^ The tabu- 
lated scheme on^p. 21 represents the various synthetic slei)s described 
a])ove. The sugars are '\\ thick type. 

In addition to the tw'' glucoses and two mannoses, eight other stereo- 
isomeric aldoses are known, together with th^^ir reduction find oxida- 
tion products and numerous other*' derivatives. They have been 
obtained as follows : 

J)- and Jj~Gulose were prepared by the inversion of i- and D-g^ucose 
by oxidation to the saccharic acids and subsequent reduction as 
describijd on p. 13. 

7> and L-Idose were obtained from D- and i-galonic acid, which^ 
by inversion wit^ pyridine, yield the corresponding D- and Z/-i 'Ionic 
acids. 2>-ldonic acid can also lie obtained with D-gulonic acid from 
D-xyloso, which forms the stereoisomeric cyanhydrins (see p. 9). 

Jh and L‘Gal(iclose, If natural or 7)-galactose from milk-sugar is 
oxidised, it yields meso-mucic acid. If the lactone of the latter is 
reduced, monobasic gfilactonic acid is formed, which is racemic and 
can be resolved into its enantiomui'phs by the aid of the strychnine 
salt. 

Each of the active galacionic acids yields an active galactose on 
reduction. 

2>- and L-Tttlose, D- and i-galactonic acid are converted by in- 
versi6n‘tvith pyridine into I)- and Z/-talonie acid, which on reduction 
give D‘ and 7.^-talose. Each of these sugars- gives a talomucic ‘Hcid 
on oxidation. The laevo acid has also been obtained by the oxidation 
of /J-rhamnohexoiiic acid (p. 34). Allomucic acid was prepared from 
mucic acid by inversion with pyridine. D’AUose and D-altrose have 
been prepared by Levene and Jacobs^ from i>-ribose liy the cyou- 
hydrin synthesis. As the foi**ner yields allomucic acid on oxidation 
and 7)-tfilitol on reduction,® the configuration of both can be 
ascertained. 

The following table contains a list of hexoses aiiJ related com* 

pounds : 

1 

> J?er.,1910, 43, 3141. . 

* Bertrand and Bruneau, Cumpt. refwd., 190S, 140, 4S2. 
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I • 

Aldo-hexoses. 


e Hexitol. 
f 

• 

Aldo-liexose. 
-*-1 • 

Hexonic acid 

Tofcroxyadipic acid.^ 

D, 7^-Mannitol 
]), L-lditol ^ 

2), Tk-Sorbitol 

f • 

f-Dulcitol 

Dj L-Talitol 

1) , /;- Mannose 
p, L-Idf)so 

1 2), 7-Glucose 
{ D, 7-Gulose 

2?, L-Galactosc 
j n, 7-Taloso • 
( 2), Altrose 

2) -Allose 

//, /.-Mnniionic acid 
•/>, 7-Idonic acid 
n, 7-G1uconic acid ) 
D, 7-Giilonic acid ) 
2), L Galactonic acid 
n, 7-Taloiiic acid | 
27, Alijjronic acid \ 

' J7-Allonic o<5id 

27. 7- Mannp-saecJinric acid 
27, 7-ldo-saccharic acid 

27. 7- Saccharic acid 

i-Miicic acid 

Z7, L-Talomucic acid 

1 ’ 

1 t-AllQ|iiucic acid 


• 

• • 

Keto-hexoses.*^ ‘ ^ 


D-Maunijtol *i 

D-Sorbitol \ 

• ' 

O-Sorbitol 

4 

79-Fnicto'i3 

/ /.-Fructose • 

■1 /), 7-Sorbosc 

1 /)-Tagatoso 

\ _ 

1 

— 


The Ipllowing tables represent the synthesis of the higher from the 
lower sugars by*Fisoher’s cyanhydriii method. 

ii-Avabiiioso /^-Xylose D^RtboPo 

* • / \ / \ ’ / \ 

Mannose Glucose Idoso Guloso Allose Altrose 

Mannoheptose 


Z?- Mannose JD-Glufoso D- Galactose 

j / \ • /* \ 

Manno-heptose a-Gluco-l^jptose iS-Gluco-lioptoso a-Galadioptoso ^J-Gala-* 

1*1 ) I heptoso 

i M ^ • 

Maniio-octose a-GIuco-octosc jS-Glncso-octos© , Gala-octose 

i \lr 

Manno-nonose Gluuoiionose 

I 

(Jluco-decose 


Rbainnoso 

a-Rhamno-hexoSb 

i 

Rhamno-heptoso 

•Rhamno-oci ose 

• • 

The sugars f)btained by the degradation methods of Wohl and 
Eu 4 are represented as follows : 

D-Glucos^ i-Gliicose 

i i 

Arabinose Arabinose 2?-Xylose ■ L-R^ainnose 

• • I ^ ^ 

Erythroso Erythroso Throose Rhanino-teti;p.s6 



24 


THE CARBOIIYDRii.TES 


Configuration of t’le Aldo-Hezoses.' .Before atlenipting to asceiv 
tain the space configuration of the large number of sugars which have 
boon niejitioned, it will be necessary to consider carefully the relati-oii 
ii) which they staiul to one another. This .niutiial* relationsliip will 
be readily understood by reference to the 'tables given ‘■be>>w. In the 
one tJie starting-point is arabinose, which is known in both laeVo ilnd 
dextro forms. From the laevo compound a set of ./^-derivatives would 
result, whilst the dextro compound would produce Z)-derivatives. 
In the second scbenie xylose foinis the starting-point. In both cases 
the natural. products alo.»'e have been employed. 


Arabitol Lrf- Arabinose 


2 Cyaiihydriiis 


I ^ 

CtIuudiuc Manii«>iii(* acid 


1 / \ 

Glucobe Saccharic 
av/d 


/ \ 

Maiiiioso Maniio-saccharic 
acid 


Trihydroxyglntarie acid 

. 

Arabouic acid 

I 

llibonic acid 
Kii)ose 

?-Tril 1 yd roxy glu taric 
acid 

m, p. 110-17^ 


i-Xylitol 


Dd-Xylose 


t-Triliydroxygl utaric acid 
m. p. i52® 


2 Cyaiihydrins 

I 

Gu Ionic acid 

/ \ - 
Gulo&c baechurlc acid 


Idonic acid 

/ \ 

Idose Ido-saccliaric acid 


Xylonio acid 


Lyxonic achl 

i 

Ly.\.i»&e 

I 

G.i lactose 


If il. were ijossible to prepare glycollic ahioliyd6 in quantity uad 
bj^iild up the sugars in successive stages IVom it, ])y means of .the 
cyanliydriii reaction, all the stereoisomers would probably be obtained 
and their configuration could be determined without difficulty. Let 
us attempt an imaginary scheme of this kind, adoptijig Meyer and 
Jacobson’s plan of representing the space arrangement of the isomeric 
aldoses by projection formulae. If we further assume that the alde- 
hyde group is always at the top and tlie primary carbiiiol gruiqi at 
the bottom, we can omit these two groups and merely represent the 
asymmetric carbon atoms with their hydroxyl and hydrogen append- 
ages, the formulae being further simplified by denoting the asyin- 
metr'c carbon* ■> by cross-lines. 

r o 

' E. Fiacher, Ber,, isyij 27, 3208 ; Lehrbuch der Stereochemicj p. DO, by A. Werner. 
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Starting witli glycollic aklehytle and conv«Srting this, by the 
imaginary process referred to, into the next higher sugar, two ptereo- 
isdnifiric. trioses -wtll b3 obtained, since one asymmetric carbon 
present, which may' be ^denoted thus: ^ ’ . 


OH- 


-H 


H- 


-011 


L-Glyeri'ono. D-Ulymotn'. 

These will represent the two active glyfeeroses and foilii together an 
ipc-ctive or racejnic combimition. H' the hydroxyl on the left of the 
asymmetric carbon represents the L aiid that on the J*ight, Llm 
D configurafion, the monosaccharoses derived from Z/'glycerose 
will •belong to the L family i.id those from yi-glycerose to the 
D family.® Each triose will yield two derivatives forming four 
tetroseS, according to the general formufe, 2” where n is the number 
of asymmetric carbon atoms. They may be reiu'esented by adding 
on OPI and H in^the^ame find in the inverse order above the tirst 
two groups in the trioses. , 


%1 


HO — I 
HO 


• 



• 

fT H 

OTT 

ITO 

TT pr 

XX XX 

v/XJ. 

XX v/ ~— 

xx xl 

II HO 

_! H 

H 

OT-T TT 


— ■XX 

v^xx xi“" ■ 


OH 

I — OH 


L-Tetroses, 


D-Tetroscs. 


' These four stereo ij|Somers*form two pairs of optical *enantioniorphs, 

• • • 

* Some chemists prefer to adopt a form of shortliand i)roposed by Wscher (^er., 
1894, 27, 3189) to denote tlio position of the Jiydroxyl oli tho riglit or left by + 
or This system has not necessarily any reference to the optical cliariicter of 
the substance. Another system advocated by ItosanofV {J. Amir, Cham, Soc.j 1906, 
28, 214) is to iudieaft? the aldehyde group by a dot and the x)osilioii of tho 
iiydroxyl by a horizontal stroke projected on one side or other of ihe*vertical 
line. *T]ie .‘ildehytlo^gronp b*^ing on the top, //-and D-glycerosc will a2)]3ear in® 
tho two kinds of no! a (ion as follows : 


! 

n 


By adding on anov/ asymmetric Cilrboii abo\e this, each glycerose will give two 
totrosos, wliieh will bo represented (bus : 

I 

— + 

. — ^ - + 

L L 1) 

* It necessarily follows tliat the L family w'ill be distinguished from the B 
family by the position of tho lowest asymmetric group, the hydroxyl lying t<ttlie 
left in thci'taml.y and* ta the right in the D family, whatever positions the 
other groups may take • 
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naiiiely, 1, 4 and 2« 3. Suppose now that the end groups in these 
compounds, instead of being different, are* made identical, eitheij by 
induction to the coiTosj)onding alcohol, or b;^ oxi<*ation to the dibasic 
. acid, the storeoisomers 1 and 4 become identical and represent the 
meso varietj^ This is easily seen l^y revolving* on6 of the two 
through 180° in the plane of the paper. The number of sl^euso- 
isomers is now reduced to three accordirig to the formula, 

, 23 / ( 3 ^+ 1 ) 

« 

which is .the general expression for the jiiimber of stereoisomers 
a synimetrical molecple containing an even number of asymmetric 
carbon atoms. Thus, there are three tartf^ric acids afid three ery- 
thrituls, two being active eiiantiomi^rphs g.nd the other an inactive 
I meso compound. All these substances are known and are given in 
the tiible on p. 16. It follo^vs from what has been said that’2)- and 
jC-erythroso ciirrespond to conligurations 1 and 4, since iliey yield 
i-eiytliritol and i-tartaric acid on reduction *and» oxidation, whilst 
D-threose c(nTesi)opds to the configuration 2 or *3. Since it is iin- 
liossible to*'asce;'tain which of the two configurations ropresei.its the 
actual gi'ouping in D-threose, it is customary to make an arbitrary 
choice in the wise of d- and /-glucose and to derive all the other con- 
figurations from them. Wo must therefore first asceitain tho 
configuration of these sugars. Continuing the process of imaginary 
synthesis, the four tetroses will each yield a i)air of pentoses, making 
eight stereoisomers : 

1 . , 2 3 ♦ 4 


11 H- 


-011 OH- 


-H H 


-H OH — — H 


H OH H —OH 


-H OH — H 


OH--^ — II OH- 


^ Laevo family {h), 

G 7 8 

» • 

-II H QH on II H . 

OH 1 n OH H H OH II — —OH 


-OH H- 


H — OH* H — — op 


* • Dextro family (D). 

The di)tical enantiomorphs will be 1, 8 ; 2, 7 ; 3, 6 ; 4, 5. We 
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will now follow the same line of inquiry pursued in the case of the 
tetroses and suppose the end groups (hy reduction to peiititols or 
by oxidation to trthydfoxyglutaric acids) to become identical. THe 
number of stereoisomers is now reduced to four ; for 1 = 8; 2 = 4; 
3 = 6 ; 5 ='V. " Which of these four pairs are active and which 
nieso?- It is now evident that with two similar end groups the 
middle carbon atom is no longer asymmetric in the usual moaning 
of the term. The activity is therefore determined by the two outer 
asymmetric carbon atoms.. It follows that 1, 8 and 3, 6 are meso, 
atxd 2, 7 and 4, 5 are active' forms when thi-z-fend carb'on groups arc 
the same. We are now in a position to assign configurations to the 
six i^entoses^which have been described. 

If we refer to the tables on p. 24, we notice that two of the 
pentoses, />xylose and i-ribose, give inactive trihydroxyglutaric acids 
on oxidation. .They will therefore be I'epresented by one from each 
pair of the configurations 1,S and 3, 0. But 2)-xylose has been con- 
verted into two active teaccharic acids, X-saccharic and X-ido-saccharic 
acid (see table, p. 24). The configui*ation of T^-^vylose .cannot there- 
fore Ae represented by 1, 8, since either enantio morph would yield 
one inactive, internally coinxiensated saccharic acid. 


on — 

OH — 
OH 


— H 
— H 
— II 


/ 

coon 


OH — 
OH — 

oa— 

OH — I 

# 


-^II 

II 

II 
H 


COOH, 

• Meso form. 


\ 


COOH 


OH — 
OBt'— 
OH — 
• H — 


— H 
1— H 

— H 

^«-0II 


COOH 

Active form* 


Conseqin*ntly iT)- and ^^-xylose will be 3, 6 and X- and X-ribose will 
be 1, 8. The same process of reasoning may be applied to arabinose 
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and lyxose, wliieh active dibasic acids, and therefore have con- 
figurations 2, 7 and 3, 6. It can be showi*L that one of the paii; of 
sliccharic acids derived from the 4, 5 configui^atioiii is a meso^acifi and 
•cannot therefore rejn'esent arabinose, which giyes two active saccharic 
acids. As the riboses are obtained from J)- and * X-Arabinose by 
‘ epinieric ’ change, X)- and X-arabinose will have the confignralbicMS 
2, 7. Lyxose, which is derived in the s^j-nie way from xylose, will 
represent the fourth pair, 4, 6. < As both X-arabinose and X-xylose 
are directly connected with *X-glucoso, the arbitrary configuration 
assigned to the latter 26) will determine that of the two form«j’ 
as well as of all the ottier pentoses. 

The configurations of the pentoses will stjjnd as follows 


II — 


-OH 


Oil—" IT 

OH ~| — ir 


L-Arabinose. 


on — — H 

H on 

rf — ' — ou 

$ 

I 

i?-Ambiiioso. 


OH — ; — H 

i 

OH — 

OH — — 11 

Z-Ribose. 


II— [ —OH 

< 

II oil 

H — j — OH 

* 

9 

Z)-HIbose. 


OH —I 
H- 
OH- 


-H II- 
-OH OH-- 
HI H- 


— OH 
— H 
— OH 


c 

XT 

OTT 

XL 

II_ll 

“~\JXX 

1 OK 

f -k XT 

1 v/xx 

H 

W XX 

1 ^Xl 


on— 
oil — 
II — 


— H 
-II 

— OH 


L-Xvlose. /)-Xvloso. 


i-Lyxose, ^ 


D-Lyxos^ 


Each pentose will furnish two hoxoses, making altogether sixteen 
stereoisomers. They may* for convenience l)e divided into two groups 
of eight, known respectively iis the mannitol and dulcitol group. 
In appending the names in the following table, we have anticipated 
the discussion of thgir coiifigv ration with the object of economizing 
space. The names of the dibasic acids arc placed bplow the sugar or 
sugars from which they are derived for purposes of reference. It 
will be noticed tliat in the mannitol group the# middle pair of 
asymmetric groups arc diagonally situated ; in the dulcitol grpup 
thej’ ai*e synlmetrically arranged. 
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* Fischer has ahtaciied tlio gulosos to ilio ghic«>.s<-‘s I'roni wliicli iln'y arc derived 
by inversion (|>. 1?'', sooini' tliat eac.h fj;uloso is roiiverto<l on oxidatimi into the 
same Saccharic ucid as lliat obtained Iroin Uie ])aivnt. ylncoso. Uio giilose 

derived I'rom d-glucose l)y inversion, and which gives d-'^aecharicacid on oxidation, 
js termed rf-guhffjo. Rosanoff {J. Amcr. Chem. i>ac.. liMM), 28, lit) has, ho\vov<M-. 
m|^de it quite clear thal ne.itlier fact is a crilei-ion nT family rclationshi|), and 
has shown that d-gulose belongs to the £-fainily and /-gulose,lo Iho D-fi^nily, 
which laUel als^ cleterniincs the sign of the two related sugars, namely, n.iluial 
or Z)-xylose and JD-idoso (^. 24-). 9 
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Tlio configiiviitioiis of the pentoses ^Turinsli' a basis fo) that of the 
hexoses. As D- and X-gliieose can lie converted by WohVs method 
into D- and i-arabiiiose, the configurations of the three lower asym- 
metric carbon atoms of the glucoses is given. 

I 

OH ^H 

,oii--i— n II OH 

OH— |— H H on 

/^-Arnbiiioso. iJ-Arabinosc. 

The same partial structure must be assigned to tho mannoses, seeing 
that 7!i-arabinose has been transformed into a mixtftre of Tr-mannose 
find i-glucpse \p, 2±). 

For similar reasons the idoses and guloses are related to !)• and 
A-xylose find consequently contain the grouping ; 

- on H H — Oil • 

H -.-^OH OH H 

OH H H OH 

1 

Jf-Xyloso. ' Z>-Xyl<>se. 

Now, as the guloses are obtained from the glucoses by inversion of 
aldehyde and primary carbinol groups, the three upper asymmetric 
groups in gulose will represent the thme lower asymmetric groups 
in glpcose. Consequently, by combining the xylose aud^ arabinose 
formulae we obtain the glucoses and the guloses. 
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OH H H |-*-6lI 

^ i 

H — - OH on — — II 
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OH — -» H — I — on j H — OH OH H 

. • P I 

Oil II H — ' — HU I OH II II on. 

i i . i 

Ii-Olucoae. •D-GlufOso. 1 •C»-Gnloso. • iJ-CTulo^tJ. 

TJje second formula is urbitifivily assigned to'f^-glncose and the others 
consequently follow. The configuration of the lliree lower carbon 
atoms wilt alifo enable similar di;|tinctions to be drawn between the 
Z)- and L- enantioinorphs 6f arabiiiose and xylose. As bo<b 7v-gliicose 
and i-j;naiinose are obtained by the jyan hydrin synthesis from 
i-ai‘abinose, as moreover they both yield the same osazono, and as 
inannonicMcid is partly comierted into gluconic acid by inversion, 
the only dillerence^ in* their configurations must relate (o the top 
asymmetric carbon atom. The same diHoreuce exists l otween the 
idoses^and guloses. The mannoses and idoses will consequently 
have the following structure : 

II oil OH — — H H on OH H 

H on OH H OH pril 11 - - OH 

on II *11-. — on u on on n 

OH II 11 Oil Oil II II — -Oil 

X^lfciiinosc. i^Maiiuose. X-ldoso. 

The above configuratiofts are conlirmed by the following observa-* 
tions. It will be seen on reference to the eight configurations of the 
mannitol group (p. 29j that, whilst each of the first four should yield 
a different saccharic acid on oxidation, the second four require only 
on^ saccharic* acid 4or each pair of stereoisomers, and this strictly 
* theoretical deduction stands in complete harmony with the facts. 
The conliguraiioiMB of the galactoses and laioses are determined as 
follows: as the galactoses §jj.vo on oxidation the same inactive, 
01 ^ meso-mucic Scid, their configuration is limited to the first two 
pai)j^ of stereoisomers (9-12) of the dulcitol gi’oiq). Hut i>-galactose 
has been transformed into JD-lyxose, and the latter can only differ 
from xylose in the configurations of the top asym metric group. 


OH H II OH 

on II H OH* 
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Consequently lyxose and galactose will have the following configura- 
tions : 

II 

OH 11 OH 

Oil H Oil 

Tj on H 

• a 

h Lyxose. />-Gulaclose. 

As D- and A-taloso arc obtained by epiinevic change from D- and 
i-gaL'ictose, the conligiirafion of these two members is fviiown. 
Finally, the cohfiguratioii of 7>-allosc and 7)-altr()so can. l)o fiscer- 
tained from the fact that tliey are built up from D-ribose and that 
D-allose gives allemucic acid on oxidation. 7;-Allose is therefore 
represented by 1:2 and /)-altrosG ))y 16. 

Configuration of the Keto-Hexoses. The configuration of the 
aldo-hexoses being known, that of the ketu-liexoses is readily ascor- 
taiiied. Thus 77-glncoso has been transformed into J>-frnctose, and 
they both yield the ssune gliicosazone. It follows that the three 
asymmetric groups of /l-fructoso and 77-gh*co,so are ideulical. 
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Ir-Fruftose. 
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D-Fi'uutose. 


As 7)-sorbose is obtained by oxidising J9-sorbitol, which is the alcohol 
coirespoiiding to 7>gliicoso, the configuration of the ^ three lower 
asymiiietiic groups in D-sorbose must be that of D-gliicose. 
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D-Sorbose. 


This is co'iifiimed by thejdenfcity of the osazone W Zr-sorbose (i/r-ta.ga- 
tose)*witli those of Z-gulose and'^-idose. . . 


Cou£giiration of the Methyl Pentoses group. Z-Bhamnose 
gives, oiJ oxidation, the same Z-trihydroxyglutiiric acid as that 
derived from Z-arabin9se,andv3oiisequently must conlaiiUhe complex : 


H — I —OH 
OH- —II 

on- — H 


* Z-Bhamnose is therefore represented by one of the following foims, 
on the assumption tHat the methyl group is removed, and the 
remaining two end groups converted into carboxyr: 
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Now Z-rhamn6se yields by the cyanhydrin reaction two, a- and 
rhamnohexonic acids, one of which gives mucic and the other Z-talo- 
mucic acid OM oxidation. The rhamnohexonic acids will consequeiftly 
be represented % two oi the following pairs of configuration^, one 

PT. ITT n 
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being derived from the first and the other from the second of the 
above formulae for rhamnose : 

COOH COOH coon COOH 

H OH OH H HO H H — — OH 

H OH H OH H OH H OH 

OH H OH- n H OH H OH 

OH— I — H HO H HO H: 

CHOH CHOH CHOH 

1 ,1 I ^ 

CH3 ' CH3 CH3 

2 3 4 ' 

It is obvious that the rhaninohexonic acids cannot be rel)resented 
by 1 and 2, since the configuration of these two compounds belongs to 
members of the mannitol group which are already known. Therefore, 
as mucic ajid is an inactive meso compound, the rharanohexoiKc acid 
corresponding will be represented by 3, whilst the second rhamnp- 
hexonic acid which gives Z-talomucic acid has the configuration 4. 
Rhamnose is therefore represented by the first of the two configura- 
tions given above, the proof of which incidentally determines that of 
galactose and i-talose (which correspond to mucic and X-talomucic 
acid) and jjartially that K,f the other rhamnose derivatives. * 

CHO 

H OH 

H OH 

HO II 

CIIOH 

I 

CH 3 

■•■.-Rhamnobc. 

The complete configuration has been ascertained through that of 
D- and i>isorhamnose. i/-Isorhamnose (c^^i-rhamnose) was obtained 
by Fischer and Herborn * by the epimeric conversion of L-rhamnoso, 
and the Z)-enantiomoi*ph by Volouek from purgicacid.® Now Fischer 


OH— I — H 
CHOH 

Ah3 

1 


* WOO, 29, J961. 


* Bet., 1011, 44., 819, 3287. 
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and Zach*‘ have shown that aceto dibromoglucose (p. 45) can be 
coviverted by zinc dust and acetic acid through ) 8 -methyl i)-is<j- 
rham noside into D-^rhainnose. 

• ‘ niT rk ntr CHO 


HO- 

H- 


V 


r • 

— OH 

> 

0 

— H 


— OH 

• 

• • 

• 


O 


CHjiBr 
Acetodibrouio glucose. 
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/3-Met1iyl D-isorhainnoside. 
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D-Isorliamiiose. 


It follows, therefore, that L- and Z)-rhamnosG have the following 
coniiguration : 
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J9-Bhamnose (unl^own). 

D-fucose gives, on oxidation, the same triliydroxyglutaric acid as 
iJ-arabinose, but as* fucohexonic acid, prepared by the hydrogen 
cyainde synthesis, gives no inucic acid on oxidation, the fucoses must 
possess the following formulae “ : 

CHO 
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H — 

HO — 

HO — 

H — 

OH 3 

Z-Fucosfi ^Rh<^QOse). 
1 Bcr., 1912, 49; 3761. 
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L-EpL-rhodeose. 


* Mayer and Tolleiis, Bcr., 1907, 40, 2434. 
D 2 
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2i-Epi-rhodeose is prepared by epimeric change from 'iriucoke^ 
The D compound is unknown. ^ r 

Relative Configuration of the Tartaric A cids. The relation of 
the d- and ^tartaric acids to the glucoses can be readily ascertained 
through jD-threose, which, on the one hand, gives Z-tartaric ’acid hy 
oxidation, and, on the other, is derived fiom 2>-xylose and 2)-gulose 

(p. 16). 

OH 

— H H OH 

— OH no H 

D-Gulose. ,, 2)-Xylose. 2)-Thj:eose and Tlireoae (unknown) 

2-Tartaric acid.^ and d-Tartaric acid. 

The coiiViguration of d-tartaric acid may also be derived from that 
of rhamnose, since Fischer has shown that rhamnose may be converted 
by Wohl’s method into methyl tetrose, which yields d- tartaric acid on 
oxidation. 

CHO 

H on CHO 

H Oil H— OH COOH 

no II HO H H OH 

HO H HO H HO— — H 

CII3 CH. COOH 

£-R1iaiiinosc. X-Bhamno-tetrose. d-Tartaric acid. 

Fermentation of the Monosaccharoses. Pasteur was the first 
to show that a solution of racemic acid becomes laevo-rotatory in 
presence of penicillium, owing to the destruction of the dextro- 
tartaric acid by the fungus — ^an observation which has been fre- 
quently utilized in the attempt to isolate one of the -optical enantio- 
morphs from an inactive mixture (Part fl, p. 181). Fischer has shown 
tha-': this selective action is exhibited in a very marked degree by the 
beer yeasts in producing fermentation of carbohydrates. Of the twelve 
known aldo-liexoses only the three natural sugars are fermentable, 
1 WobI and Momba, Ber., 1917, 50, 455. 
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viz., D-glucose, 2^-mannose, and 7>galactose, and of the keto-hexoses 
only Z}-fructose is decomposed. All the yeasts susceptible of in- 
ducAig fermentation Ifansform 7>-glucoso, 2?-inannose, and D-frift- 
tose, with almost e^ua.l velocity, but the action of yeast *on D-gahm- 
tose is slower, and certain > species — saccharomyces apiculattis, and 
totally without action upon it.^ A comparison of 
the configuration of these* four sugars exhibits the diU'ereiices of 
molecular grouping : 
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• In glucose, ipannose, and fructose, the grouping of the H and OH 
round the three lower asymmetric carbon atoms is the same, but 
^differs from that in galactose, a fact which may account for the slow 
fermentative action of the latter. The other hoxoses are not ferniont- 
able. The small difference in configuration wliich ^ufficos to arrest 
the action is seen in the# case of 7>-talose, which only differs from 
2?-galactose by Iho position of one hydroxyl group. 


COH 
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Oil II 

OH II • 

H OH 

• GRjm 

D-Talose. 

• 

Of the other monosaccharoses only glycerose, dihydroxyacetone, 
and manno-nonose, that is, sfigars with three, or a multiple ol* three, 
cart)on atoms are known to undergo fermentation. This cv.i%0U9 

1 Siator, Trans. Chem Sou., 1U06, 80, 128 ; 1908, 93, 217. * 
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B8. 

selective action of t'ne organism is repeated in the case of the poly- 
hydric alcohols. Bertrand,^ in his brilliant investigation on ^the 
Sorbose bacterium, has shown that the conversion of the alcohols 
into ketoses is dependent on their configun^tidn, and that whereas 
glycerol, t-erythritol, 7i-arabitol, J>sorbitol, J)-mannitiDl, &c., with 
the following configurations, are oxidised by the bacterium, * ' 
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glycol, xylitol, and dulcitol are not. 
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hllyeo]. Xylitol. Dulcitol. 


1 Jinn. Chim. Phys., 1904 ( 8 ), 181 . 
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A comparison of the two series indicates that the difference of 
configuration is, confined to the two upper asymmetric carbon atoms, 
and ilie conclusion seems inevitable that it is the difference of com 
figuration which d^ermiiies decomposition by the organism. To 
explain this s^ledlive action, Fischer introduced the simile of a lock 
an^ keyt That the organism has an asymmetric structure seems 
manifest from the optical* activity of protein matter, , and when 
this structure corresponds to that'of the organic molecule, or the 
wards of the key fit those of the lock, d^composi^n can occur. The 
subject is more fully considered under ‘ Fernentation '•(p. C2). . 

Consti'^tion of the a- and Alkyl Glucosi^es. Our knowledge 
of the natural disaccharoSes, in spite of few successful syntheses, is 
fairly complete. It seems certain that these compouiids possess the 
constihition of ethers in the sense that^the carbon groups of two or 
more simjple sugars are linked by oxygen. This is the view held by 
Fischer, who prepared a number of compounds of the monosaccharoses 
with alcohols by th£ dibtion of hydrochloric acid upon a mixtare of 
the sugar and the alcohol. ^ ** 

These products, like the polysaccharoses and glucosides, undergo 
hydrolysis by contact with enzymes, or by boiling with dilute acids 
(p. 70). Thus, the substance which Fischer terms methyl glucoside 
•is obtained by the action of hydrochloric acid in the cold, upon 
a mixture of glucose and methyl alcohol. 

+ CIIsOH = C«II„05 . OCH, + 

• • 

As the new compound has forfeited its aldehydic properties, 
Fischer explains its structure by the following formula : • 

CHaOH . CHOII . C H . CHOH ^ CHQH . OCH3 ^ 

The proof of the y-lactone structure is given in the foot-note on 
p. 50. • 

If this is the correct explanation, the formation of the methyl 
glucoside must be ^companied by the creation of a new asymmetric 
carbon atom* (indicated in thick tyijG) and consequently of two 
stereoisomers, in the same manner that two cyanhydrins are formed 
by the addition of hydrogen cyanide (p, 9). This is precisely 
what occurs, and in the majority of cases two stereoisomers, 
distinguished as a and ha^e been isolated. The structure of the 
a- and /i-methyl glucosides may be represented in the iollowing 
manner :* 
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a* and iS-Methylglucc sidon. 


The following is a ’ist of aldosides and ketosides obtained in thif 


way: 

Aldosides. 

a-Methyl d-glucoside 
^-Methyl d-glucoside 
a-Methyl 2>gluco3ide 
/9-Methyl Z-glucoside 
a-Methyl dZ-glacosido 
a-Ethyl d-glucoside 
Propyl d-glucoside 
Phenyl d-glucoside 
Benzyl d-glucoside 
a-Methyl d-galactoside 
Methyl d-galactoside 
Ethyl d-galactoside 


Methyl d-mannoside 
Methyl Z-mannoside 
Methyl rhaninoside 
Ethyl rhaninoside 
Methyl aralnnoside 
Ethyl arabinoside » 
Benzyl arabinoside 
a-Methyl xyloside 
/9-Methyl xyloside 
Methyl gliico-heiitoside 
Ketosides. 

Methyl sorboside 
Methyl fructoside 


What has been said of the selectiye action of yeast and the sorbose 
bacterium applies to that of enzymes on the artiheiar alkyl gluco- 
sides. * Fischer ^ made the interesting observation that an aqiufous 
^ 3xtract of pulverized yeast cells, which contains ah enzyme maltasey 
hydrolyses a-methyl d-glucoside, but has not the least action on the 
/9-methyl d-glucoside. Exactly the reverse happens with the emul- 
sin of bitter almonds which hydrolyses the /9-glucoside, whilst the 
a modification remains unchanged. The ethyl, and phenyl gluco- 
sides, of each of which only one modi^cation is knowii, behave like 
the a-methyl compound, and probably belong to the same category. 
Similar differences have been observed in the case of other glucosides 
both natural and artificial ; in other cases again neither enzyme has 
any action. 

The following is a list of natural and artificial glucosides. The 

t ■ r 

t ' * Zeit jjhusiol. Chem,. 1898. 26. 61. 
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action of “the enzyme is denoted by + when it* produces hydrolysis 
and by — when it is without action. 


1— 

.^I'titioiai glucosides. 
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1 Hlaltase. 
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a-methyl d-glucoside 
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+ 

ia -methyl d-glucoside 
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— 
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— 

— 
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a-ethyl*d-glucoside 
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/S-otliyl d-glucoside 
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phenyl d-gluooside 
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(z-methyl d^galacftosido 
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)3-metliyl d-gallictosido 
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, /3-methyl rf-mannosido 
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• /3-iiiethyl Z-iiV'imosidc 
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methyl {-arahkiosidc \ 
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a-mothyl 1-xyloside 
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/3-methyl Z-xyloside 
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methyl rham noside 
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methyl gluco-hoptoside 
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methyl sorboside 
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niothyl fructoside*. 
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Natural glucosides. | 
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Sifliein 
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Coniferin 
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Ph illy rill 
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fciyringin 
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- 

Saponin , • 

Phloridzin • 

Maiidelo nitrile glucosidc* 

1- 

— • 
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C^ucrei trill i 

— 
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It would appeaMhat the majority of the natural glucosidos belong « 
to the group of ^-glucosides. 

We shall see presently that the disacchnroses are subject to the 
same selective hydrolysis by enzymes and are divisible into two 
stereochemically related groups. 

It should bd noted that this action jf the enzyme is reversible, 
"for Bayliss and Bourquelot and Bridel and others have shown that 
a- and ^-alkyl glucosides of mono- and polyhydric alcohols may be 
synthesised by introducing in^o a mixture of the sugar and alcohol 
one or other of the two enzyides (see j). 99).^ 

^ Boiirqu^oit, Pharm. 1914, 10, 361 ; see als<» plant synthesis of 

Siilieiii, Ciamician and Baveflna, U. Accad, Lincei, 1909, 18, i, 419. * 



42 . THE CARBOHYDRATES 

' Structure of Glucose as determined by Enzyme Action. The 

above observations on enzyme action will enable us to understand 
a‘ now theory of the structure of glucose and the other monhsac- 
charoses which has been incidentally referred to* on p. 3. It is well 
known that many of the sugars are subject to mutarotaW.on (Part II, 
p. 232), that 'is, to a change in rotation when the freshly fp-’e^Wi^d 
solution of the substance is allowed to etand, or, more quickly, if 
a trace of alkali is added and the liquid warmed. Thus, d-glucose 
freshly dissolved ti^^water exhibits a rotation of [ajo — + 110°, 
which- becomes constant* when it has dropped to about half, i.,e. 
[ajD = + 52-5°. The change has been variously ascribed to hydra- 
tion and to change' of structure. Both the modifications known 
as a- and glucose and an additional y-glucose having a rotation 
[ajD = + 20° have been isolated by Tanret.^ The first was prepai'ed 
by crystallization from watenor dilute alcohol at the ordinary te«npera- 
ture, the second by precipitation of a concentrated aqueous solution 
with alcohol, and the last by crystallizing its aqueous solution 
above 08° Similar modifications of rhamnose, galactose, arabinose, 
and lactose were prepared. Whichever of the three modifi^ ations 
is dissolved, the rotation becomes constant when [ajo = + 52-5°. 
It appeared, therefore, not improbable that the intermediate /J-glucose 
represented a mixture of dynamic isomers. -• Simon ® was the first to 
suggest that a- and y-glucose correspond to a- and /9-methyl glucoside, 
since the' mean values of the rotation are nearly the same : 

a-methyl glucoside +157'* , a-glucoso +110° 

0 - ‘ — 33 7 -' »» + 20 

+ 125 + 130 

mean = + 62'25 mean = +65 

If this is the case, a-methyl glucoside, on hydrolysis, should yield 
•a sugar of high, /S-methyl glucoside of low rotatory power. The 
glucoses themselves are, however, so sensfave to ordinary chemical 
reagents that hydrolysis 'Of the glucosides by acids or alkalis is pre- 
cluded. E. F. Armstrong ^ hit upon the ingenious device of hydro- 
lysing the glucosides by the aid of the enzymes, emulsin and maltase, 
and determining tfie rise or, fall of iK)tation when equilibrium was 
reached, a process which can be quickly effected by adding a trace of 
alkali to the resulting solution. Small, but definite indicationspof tlie 
existence of two glucoses were obtained, which must consequently 

f 

Compt. rend.j 1895, 120, 1060. ^ Compf. rend,, 1901„182, 487. 

* Trans, Chetn, Soc,, 190^, 85, ,^806. ^ * 
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be- represented by cpnfiguratious similar to the* a- and )8-glucosides 
and named to correspond, a- and /J-glucose.' 


HO— Q— II 

• 1^ 
• HCOH 

! 



CH.Op 

a-Glucoue. * 


H— 0— on 


HCOH' 


HOOII 
HC 

I ^ 

HCOH 

CHiJOH 

i3-Glu(tose.. 


^O 


Thfe lactone structure of the glucoses is supported by many inde- 
pendent facts, notably the evidence derived from observations of the 
magnetic* rotation,* the rotational value (p. 42), and the electrical 
conductivity of bori^ acid in presence of the sugar. * • 

By the latter method Bolsekeii* has shown that the elbetrical 
ct)nduAivity of boric acid is increased when the hydroxyl ^groups lie 
OR the same sid^e of the molecule — ^in this case, on the same side of 
the lactone ring. Tho higher conductivity in presence of a-glucoso 
corresponds, thorefoi’e, to the formula given above. The two formulae 
are reproduced in a somewhat modified form in order to emphasize 
the distinction. 


OH H 



H 


OH H . 

H , O 

gC h oh>c 


OHOH 0 


H 


CH^OH 


/3 -Glucose. 


Another significant fact pointed out by Hudson* is that as the 
a and forms onlj differ in configuration in respect of the end 
^ carbon group \he sum or difference in, moleculjr rotations of each 
pair should be a constant quantity, and this will be found to be the 
case. JThe hexose sugars, for example, in the table on p. 51 show 
a nearly constant difference. 

f 

^ G. S. Hudson, J.Amer. Chem. Soc., 1909, 31, 06 ; 1917, 39, 320. 9 ^ 

2 Perkin, Tmns.^hem, Soc., 190^ 81, 177. * Ser., 1893, 46, 2612. 

^ J. Ch&n. Soc., lOOOi 31, 06. • 
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As most of the sugars exhibit mutarotation and exist hi isomeric 
forms, the lactone structure is now generally adopted-. The following 
table gives the rotations of the a and ^ forms and the e<iuiliV)rium 
mixture : ^ ' * . 


Carbohydrate. 

a-Porm. 

^-Poriu. 

Equilibrium 

mixture.^ 

d>Gluco£>e 

■f 110“ 

+ 20° 

+ 62-5" 

d-MannosQ 

+ 76“* 

-14° 

+ 14° 

d-G.ilactose ' 

+ 140“ 

+ 68® 

+ 81° 

d-Fructo.se 

+ 17° 

-140° 

-93° 

?-Arabinoso 

^ 76° 

' + 1S4° 

+ 104° 

d- Xylose 

+ 100° 

-8°* 

+ 19° 

Mili.-imndse’' 

— 7° 

+ 32° 

+ i>° 

t/-Miiltobo 

+ 166°* 

+•119° 

+ 137° 

d-Lactose liydnifce 

+ 86°^ 

+ 36° 

+ 65.8° 

d-Melibiose 

+ 171° 

+ 124° 

+ 143° 


tiiilculatod values. 


Lowry ^ has discussed at some langth the mechanism of the 
isome^uc change by which the two sugars are formed, which he 
regards jw a reversible process effected by the successive addition 
and removal of water, thus : 


HO— C— II 
Hcon\ 

O 

HOCII 

\y 

HG 

I' 

HCOH 

. I 

CHjOII 

a-Glucosc. 


+ H^O 
-HaO 


CH(OH)a 


H— C-OH 


iicon 

HOCH 

HCOH 

HCOIl 


-H*0 
' + UaO 


CHgOH 


HCOH\ 

HOCH 

HO 

I 

IlCOH 

CH,0*iI 

^-Glucose. 


The existence of the above intermediate compound may also 
explain the iiiterconversion, under the influence of alkalis, of glucose, 
mannose, and fructose, and similar changes, o^iserved by Lobry de 
Bruyn and van Ek^nstein, apd already referred to on p. 13. Wphl 
has suggested that the compounds in question may have a common 
enolic form derived from the intermediate product by loss of water, 
thus : 


» Hudson, J. ^wer. Soc., 1910, 32, 889 ; 1917, 30, 1013. 
3 Trans, Chem. Soc., 1903, 85, 1314. , ^ 

» Bcr., 1900, 33, 309.3. 
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.CH(OH)„ 

CH.OH 

1 

II 

CHOH 

C.OH 

^ 1 

(CHOHh 

1 

(CHOH)s 

1 

CH*OH 

1 

CH„OH 


The production of glucose, mannose, and fruetos^jan be represented 
as a hydration process followed by lactone or ketofte formation 
thas : • • 


CH.OH 


I 

(CHOH)* 

CH»OH 

/ * i \ 


CII(OH), 

CHaOH 

CE(OII) 

HO..t!.H 

0(011)3 

1 

H.C.OH 

1 

(CIIOII)3* 

1 

1 

(cnoH)3 

1 

(OHOIl), 

CHaOH 

OH„OH 

j 

CHaOH 

Glucose 

Fructose 

Manni'fse 

(li yd rated). • 

(hydrated'. 

(hydrated). 


In addition to a- and /S-methyl gliieoside, there are many otlidi* deriva^ 
tives of a- and /3-glucgsG. it has long been known that a different 
glucome acetate is formed by the use of acetic anhydride ant> zinc 
chloride, or acetic Anhydride and sodium acetate, according to the 
method of preparation.^ lahese have now been brought into relation 
with the two methyl glucosides by a method devised by Konigs, 
and successfully applied by Fischer and Armstrong.® It consists 
in converting the jDentacetates of glucose by means of liquid 
hydrogen chloride or bromide or, more easily, by the action of a 
*satu rated solution of these two acids in acetic acid, into the a- and 
jS-acetoghloro- and acetobroino-glucoses. The halogen in the latter 
is then replaced, by methox^ by the combined action of methyl 

^ EA'wig and Konigs, Ber., 1889, 22, 1464 ; Francliimont, lleo, irav, Pays^P^j 
1892, 11, 106. • 

* Ber., 190t, 34, *585. 
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•» 

iodide and silver carbonate, and the acetyl methyl glucosides are then 
hydrolysed to remove the acetyl groups. 


0 < 


\ 


/CHOAc 

I 

CHOAe 

I 

CHOAe 

I 

''CH 

I 

CHOAe 


. . CIIjjOAc 

Glucose 1 entacetate. 




CHbr . 




\ 


CHOAe 

I 

CHOAe 


\ 1 

^CH 

’ . I 

CHOAe 

.. I 

CH.OAc 

Acctobromo>{;l ucosei, 


/ 




^CHOCHs 

^CHOCHj 

CIIOAc 

1 

/ OHOH 

o< 1 

CHOAe 

\ CHOH 

\iH' 

1 

'CH 

j 

CIIOAc 

« 1 

CHOH 

CIIgOAc 

1 

CH.pH 


Acetyl methyl glucoside. 


Methyl glucoside. 


In this way the pentacetate obtained by the action of acetic anhy- 
dride in presence of zinc chloride, or when a glucose is acetylated 
in presence of pyridine/ was shown to be the a-compound, Whilst 
that obtained with acetic anhydride and sodiuln acetate, or with 
^-glucose in presence of pyridine, was mainly the ^-compound. 

Pentacetates of other 'hexoses and octacotates of the disaccharoses 
have also been prepared in isomeric forms/ 

In addition to the isomeric forms of glucoige pentacetate, a^'^to- 
chloro- and aceto]^romo-gli\cose, acetomethyl glucoside, and mothyl^ 
glucoside, the following glucose derivatives are known: u- and 
)8-aGetonitro glucose, a- and ^-tetracelyl glucose (obtained from aceto- 
bromo glucose by shaking the ether solution with silver carbonate 

’ Behreml, Annaten, 1904, 231, 369 ; 353, 109. ^ * 

« Hudson, J Aj7ier, C/tem. Soc., 1915, 37, 1279s 1689 ; 1916, 38, 1223. 
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and a little-water), and various methyl glucoses an3 methyl glucosides, 
which are referred to on p. 48. 

Mdbt of them are interconvertible and exhibit inutarotation yielcf* 
ing an equilibrium mixture of constant rotation. The following table 
gives the specific rotations of the two series : 


Glucose derivative. 

a-serios 

/1-serios [a]D. 

Pentacetate 

+ 100“ 

+ 3=’ 

Acetochloro 

1 

+ 165 

Acetobromo 

— 

+ 198 

4.cetonitro 

+ 15 

+ 149 


Fischer and others have utilized acetobromo glucose and similar 
derivatives of other liexoses for obtaining a variety of glucosides. 
Acetobromo glucose iq ether solution combines with z variety of 
alcohols in presence of silver carbonate ; ^ also with phenrjs in 
presence of alkali, with morphine,-* with the silver salij of thio- 
ur^thanes to form mustard-oil glucosides,® and with the silver com- 
pounds of some of the purine compounds (p.l66), giving glucosides 
of these compounds, termed nucleosides.* 

* As the imine, anilide, phenylhydrazone, and oxime of glucose 
either occur in two isomeric forms or exhibit mutarotation, it is 
^)robable tliat these compoiuids likewise possess the a- and )8-lactone 
structure.® It should l)e^ pointed out that Lowry’s explanation of 
mutarotation, described on p, 44, presents an obvious difficulty when 
ai)plied to such substances as glucosepentacetate and acetochloro- 
glucose. An alterniJlive explanation has been suggested by E. F. 
Armstrong/’ in wjiich the lactone oxygen is supi:)osed to combine 
with water, forming an oxonium hydrate. The hydrogen of the 
terminal carbon is then removed with the hydroxyl of the oxonium 
hydrate gi’oup, which leaves the terminal carbon momentarily un- 
saturated. Tlie residual hydrogen of the oxonium hydrate group then 
moves into one or other of the two free positions, giving a- or )3-com- 
•poutids, a process which may be represdlited in skeleton form thus : 

> Ber., 1910, 43, 2521 ; 1912, 45, 2467 ; 1914, 47, 1377. 

* Mannicli, Annotlenf 1912, 394, 223. 

^ {^chiieidcr and others, Ber.^ 1914, 47, 1258, 2218. 

« Fischer and Ilelferich, i?er., 1914, 47, 210, 1058. 

5 livine a,vd Mopdie, Tians. Chen>. Soc., 1908, 03, 95, 1429; 1913, 103, 238. 

® Joum. PhysioLf 1905, 33, If. 
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X— C^H 

I \ 


1 

0 

I 

c 


/ 




X — C\ H 

c \ mi 

/“ ■* i >'\n 


X 

.1 

Cs 

I 

f 

-'C 

I 

c 








a- 11 
‘\ 


c 

A 






> 


H- 


-C\ X 

1 


c 

I 

0 


\ 




/ 


>» 


The view is, however, not easy to reconcile with the fact that muta 
rotation takes place in formamide solution, that /is, in the absence oi 
water. ^ 


The Methyl Glucoses. Fischer showed some years ago that the 
sugars combine with one or two molecules of acetone and also witli 
bon /aldehyde to form well-characterized acetone (isopropylidene) and 
benzylidene compounds containing the groups 

0— Ov C— Ov 

I >C(GH,)2 >CH.C,H, 

C— 0/ C— CK 

' Isopropylldciio. Bon/.ylidene. 

Later, Purdie and Irvine ^ devised a method for alkylating the alkyl 
glucobides, by the action of methyl iodide in presence of silver cxide, 
whereby they were able to obtain tri- and t^tra-methyl a- and 
/S-methyl glucosides and, by subsequent hydrolysis, a variety of tri- 
and tetra-m ethyl hexoses^ and trimethyl pentoses, l^'lie method does 
not, however, admit of the isolation of the lower methylated deriva- 
tives. But by methylating benzylidene and mono- and di-acetone 
derivatives and subsequently hydrolysing the product (the benzylidene 
and isopropylidene groups are readily eliminated), not only was it 
possible to obtain simpler alkylated compounds, but to ascei'tain the 
position of the entrant alkyl groups. 

^ Mackenzie and Ghosli, Absfr.y 1915, ii. 301. 

* Ber„ 1S95, 28, 1145. 

. » Trans. Chem. Hoc.. 1903, 83, 1021 ; 1904, 85,, 1049 ; 19i;5 87, 900. 
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The follwving table is given hy Irvine and -.Scott* by w«y of 
illfisjrating the application of the method to the preparation of tli^ 
different stages of aUcylaticm : 

^ 

Ogn^eu^^iion product. 

Glucoso diacotono 
Beii/ylideiie a-metliyl 
glucosido 

OljLico.se monacotono 
Methyl glucoside 

• • 

Tlv) ‘structure of dime4hyl glucose has l>eon determined from the 

following considerations. As theliiigar retains its reducing properties, 
the lactone groups (carbon groups 1 and 4) “ need not be considei ed. 
There are, consequently, four remaining hydroxyl groups with any 
pail’ of wfiich the benzaldehyde may combine. Now it appears that 
the disposition of tl^^ hydroxyl groups on the same side of the chain 
determines condensation with beiizaldohyde, for wheifeas Tifetliyl 
glucoside with only one such pair of disposable hydro3^1 groups 
combines with, one molecule of benzaldehyde, methyl mannosido 
with two pairs forms a dibonzylidene derivative. 

^ The configuration of the dimeth}"! derivative of benzyl ideno di- 
methyl a-methyl glucosido will then be the following : 

CH,O.CH 

• * I 

• HO • OCH 3 

I ' o 

^CHaO . CH 

on 

I 

CH.Ov * 

I \cHa,-,Hg 
CIL,.0/ 

Bouzylidtiiu) dimethyl o-mothyl glucosido. 

« 

Incidentally it may be mentioned that the caiibon atom with the 
asterisk is asymmetric and the condensation introduces a new asyin- 
metric'group. In accordance iwith the theory, two active compounds 

1 Trans, Chem, Soc., 1913, 103, 665. 

* 5.''o avoid confusion, wliicli the present uso ol’llie Greek letters for iiulic^J^ing 
both stereo- aiid ^ructural isoni%rs entails, the carbon atoms in the cliaiii are 
indicated l^y the numbers# 1 to 6, beginning with the torininal aldehyde 
(or lactone) group. 

PT. HI 
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have been isolated Further, as monoacetone glucose acetal under- 
goes furtlier condensation with acetone to form a diacetone gl|ji.cbse 
with elimination of the acetal group, tlie seco:id ficetoiie molecule 
must condense in the 1 . 2 position ’ < 


(cn.,o),c 

y\ 

X CHOH 

0^ 1 

.OCHv 

(0H3),c/ ! \ 
^OCII \ 

cnon 

CHOU. 

\l 

\oii 

• 1 / 

• GIF 

1 

yO'CH 

1 • 

/OGH • 

(CH,),a , 

\0C1J, 

(CH3),C!< I 

^OCHg 

Monacetoiie glucose* acetil. 

Dlacotoiie glucose. 


>0 


Consequently the methyl derivative obtained from the diacetone can 
only occupy the position 3. * j 

These examples will serve to illustrate the method adoj^^ed by 
Irvine and liis collaboi ators in studying the structure of the alkylated 
sugars. The following table gives the specific rotations of the a afld 
/3 series of methyl glucoses : ^ 


a fi 

Monomclhyl glucose + 96° + 32° 

2 . 3 Dimeiliyl glucose +82° +6° 

2 . 3 . 6 . 6 Tcli-iunetliyl ghicnse + 101° + 73*5° 


y-Methyl Glucoside. In Macdonald’s experiments on monacetone 
glucose aaetal, described above, it was found that when this substance 
is heated in vacuo it loses methyl alcohol, giving a methyl glucosido 
monao^itorie, and by removal of acetone a new methyl glucoside, 
,pvhich, however, cannot be derived from eitJier a- or )9-methyl gluco- 


^ Macdonald, Trans. Ckem, S^c., 1913, 103, 1896. 

2 Nef has put forward the view that the a and jS compounds represent a 
different lactone foi'ination. the one being a 1 . 4 lactone and the other a 1 . 3 
lactone {Ber., 1914, 47, 1980). Fischer has pointed out that this view is quite 
untenable, seeing that not only do those substances und^ugo mutarotation, but 
that the glucose pentacetates give with HCl and HBi* the same acotochloro- end 
acetohromo-glucoso ; that ^ acetobromo glucose and silver nitrate gives /S-aceto- 
nitro glucose, which by recrystallization passes into the a compound, and that 
the two tetramothyl methyl glucosides give on hydrolysis tetniinethyl glucose 
which also shows mutarotation. In a1 1 these cases the substituted hydroxyl group 
in the 3 or 4 position must undergo an intcrcliange of its substituent group from 
the one position to the otlicr when the a compound passes into the or vice 
voiv'i on mutarotation. That both substances are 1.4 lactones, upon the structui «3 
of which that of tlio methyl glucoses depends, follows from the co' .figuration in 
its relation to the condensation products with benzaldchydo and acetone and to 
the rotational values which are discussed on p. 51. 
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side, seeing'lhat they do not combine with acetone whereas the new 
mct^jyl glucoside does.^ The same product had been previoiisl^^ 
obtained by Fischer#-' by tlie partial hydrolysis of glucose dimethyl- 
acetal with hydrtjchloric .acid. It is a syrupy liquid whicli can be 
dist^led^ in vacuo without decomposition, but, unlike ijl- and /:^methyl 
glTicoside, is hydrolysed with the rapidity of cane-sugar and cerLain 
fructosidos. It is also characterized by its rapid reduction of per- 
manganate and by the ease with whicli^it unites with acetone. From 
these and other considerations Irvine h.'is provisionallji^ assigned to it 
the formula of a 1 . 2 lacton#. 

CIlgOH . (GHOH);, . ClI . CII . QCHg 
O 

* 7 -Metliyl glucoside. 

• • 

A tetramethyl y-glucose was also prepared by iiiotliylation and 

subsequent hydrolysis. It seems not uiiJikely tliat one of the two 
isomeric fructose pQjitticetates (which are not interconvertible) is a 
derivative of y-friictose.** 

• Rotatory Power and Configuration of the Monosaccharoses. 
A number of interesting computations have been made by Hudson * 
showing the relation of rotatory power to configuration, a relation 
which incidentally may be said to supi)ort the tlieory of optical super- 
X^osition (see Part II, p.233). He points out that, as the difference in 
rotation of the a- and yS-lipxoses depends solely on the configuration 
of the terminal asymmetl'ic gi’owp, then if A sbiiids for tliis group 
and i? for the remaining asymmetric carbons wJiich^ire comqion to the 
two, the rotation;il value for the whole molecule will hoA+B in tlie 
one^terooisomer and — A -\- £ in tlie other. B will of course vary in 
the different sugag=i, but A., which depends solely on the end asym- 
metric group, should remain constant if uninfluenced by the rest of 
the molecule. This is given by the difference between the two rota- 
tions A + B — ( - A B) --- 2A. 


Sugar. 


A(2JL) 

Sugar. 

[m!d 

A(a^) 

r 

a-n-glucose 

ft 

a-X>-gal:iciose 

S- ,, 

196° 

30 

252 

95 

160 

3l57 

I 

a-Z^irabinose * 

ft- 

a-2>-ljictoso 
ft- tf 

114° 

276 

‘J9J 

120 

-162 

174 


* TCrvine, Fyfe and Hogg, Trans. Cliein. Soc., 1915, 107, 524. • 

* Ber., 1914,«47,#19S0, f 

* Hudson and Brauns, J.»Ainer. Chem. Soc., 1910, 38, 1216. • 

* ./. Amer. Cht%\ Soc., 1900, 31, 66; 1917, 3D, 402, 470, 1013; 1018, 40, 813 ; 

1919, 44, 1141. 13 2 . 
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In tlie ftlkyl glucpsides the same rela^tion should hold ;*hut now A 
is changed to A', whilst 1? remains as before, and consequently 
A' -h B and — A' + B will represent the two fo»ms, and the sum or 
2 JJ should be the same as the values for the corresiyjnding hexoses. 



(M^d 5(25) 


[M]„ • 


o-D-glucose 

a-Motliyl D-glncosido 

- 62 ^ 

a-i)-ga lactose 

a-Metliyl D-galactoside 

/9- 

252 

95 

379 

0 

347 

379 


Similar results haye been obtained by comparing the glucose pent- 
acctates with the tetracetyl methyl glucosides, with the same satis- 
factory agreement.^ 

On this basis Hudson has Jbeen able to calculate the rotations of 
the r4-glucosido from its ^-form and vice versa, and also the value of 
the attached group. From results of these observations he concludes 
that the u-hexosel^ and hexosides may bo distii.giiished from the 
/^isoiifers bjJ’ the f‘\ct that, by deducting the j3 from the a values, 
a ])ositive quantity should be obtained. 

Anderson 2 has extended these ideas and noted that the mono- 
saccharoses containing the group 

on II 
' I I 

C - 0 C ■ X (X = H or CHoOII) 

I .. I !l 

H on o 

are strongly dextro-rotatory, that the reverse positions of the 
hydroxyls and hydrogen atoms produce strong laovo rotation, 
whereao the configuration in which both hydroxyls appear on Hie 
,.ame side of the chain are weakly laevo- and dextro-rotatory 

OTI Oil 

0 — c — c . X 

III! 

n H o 

Hudson ’ has also pointed out that the rotations are high in the case 
of the sugars, lactones, and glucosides (.^Jd = 20° to 150°), but low 
in that of the corresponding acids and alcohols ([tt]D = 0° to 11°). 

^ Hudson and Dale, J. Amer. Cftem. Soc., 1915, 37. 1264, 

* J. Amer. Cham. Soc., 1911, 33, 405, 1510. 

® /. Amor. Cham. Soc., 1910, 32, 338, 345w 
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This would agree very well with a ring or lactSne structure of the 
former and the open-chain character of the latter!* If now a table is 
dra^n up showing the rotatory value of the lactones of the mono- 
basic acids derived iroin the dilferent aldoses, it is seen* that where 
the configui-i^tion of the y-a symmetric carbon necessitates the. lactone 
riyg*being formed on one side of the structure, the substances are 
dextro-rotatory and on the other side laevo-rotatory, and this holds 
without exception for 24 lactones. Thus : 


CILOH 


H H.OIIH 


OH 


-G— CO 
H on 

— 0 » > 


d-CTrlucoiiic lucioue. 




. — o 

OH H 

CHoOH—C— G -C— CO [a lx, - 74^, 

II H Oil 

2-Araboiiic lactone. 


This relation enables the eonfiguration of a sugar to bo determined 
/rom the simpler lactones which are related to it. For example, th(j 
series (2-arabonic lactone [ajo + 74°, d-gluconic lactone [a]® + 68°, 
« d-glucohep tonic lactone [ajj) — 68°, and d-gluco-octonic lactone 
[<i]d + 46° shows the eonliguration of each y-carbon group in the 
series. Where the sign of rotation is dextro the hydroxyl is below, 
where it is laevo it is above. 


H II OH H 

CH«OH-* -CHO 

OH oil H OH 

This determines the configuration of Jho four ^symmetric carbon 
atoms in glucose and agrees with Fische)*’s result, and furnishing 
additional evidence of the ij^clusion of carbon 4 in the lactone 
ring. A similar, relation al|o appears to hold for dibasic acid 
lactones and saccharins.^ 


1 Xndersonf Auier. Chem. Soc., 1912, 34, 51. 
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Glucosamines. 'D-Glucosamine is most conveniently obtained 
by the hydrolysis ' of cliitin (the iiatcl shell of criisiTacoae) with 
hydrochloric acid, and forms long colourless needles. Glucosa^iilie 
hydrochloride exists in two forms, a and j3, aid ibo also does the 
pontacetate, prepared by lieating the hydrochloride ‘’with acetic an- 
hydride and sodium acetate. It has been synthesised by Fischer^ and 
Leuchs ^ from 7)-arabinose, which is converted successively into the 
a-aminogluconic nitrile, a-aiiiinogluconic acid, and, by reduction of 
the lactone of the latter, into 2><glucosamine. 

II 11 OH . II . II OH 

I I ' I I I 

CH^OH --J — CHO CH.,OH— I * LjoH(NHsj)ON 

1 I "^11 

on OH II OH on H 

2)-Arabinose. a a-Amiiiogluconic nitrile. 

H H on 

CIl,OH- -CH(NH-2)GOOn 

OH OH k 

a-Aminogluconio acid. 

H H OH 

CH^OH— — CII(NIIa). Clio 

OH OH H 

Olncosnmine. 

Gluco&amine reacts abnormally with nitrous acid and gives a sugar 
named chitose, which is probably a furfural derivative. 

Irvine and Hynd ^ have eventually succeeded in converting gluco- 
samine into glucose by a long series of operations, but the formula 
given to glucosamine is different from the above and is based on the 
betaine type of compounjd. 

JI II 011 H H 

CIIyOH — L 

OH II Nil.. -O 

! ^^_0 

Irvine’s formula for Gmco6>aniino 

» JPsr., 1903, 36, 24. 

* Trans, Chem. Hoc., 1912, 101, 1 128 ; see also Levene, J. Biol. Chsm., 1916, 26j367» 
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A second gliicosamine'Vas obtained by Fiscbcw and Zaoh * by the 
action of liquid anmionia on iriaoctylmetbyl gluoosido biomhydrin ; 

II OAc II II 

• I I I I 

cil,Br- 

II , ,, 

OAc H AcO / OCHg 
! O / 

Triacetyl methyl glucosMe bromhydrin. 

but its formula is not Jcnown with certainty. FructosAminc, a third 
isomer, has already been mentioned (p. 12). 

• > 

Slijr&ctnre of the Disaccharoses. If the disaccharoses are struc- 
turally related to the alkyl glucosides, that is, if they are ether 
combinations of one hexose with another, they should exhibit similar 
properties — in other words, they should exist in two isomeric forms 
corresponding to a- and and possibly y-glucosides and capable of 
diiferentiation by cy[izyme action. 

As each monosaccharose may be present in a, and y forhis, and 
each pair may be linked up in two ways, it is clear that a large 
number of modjllcations is possible. 

Furthermore, it might ^be anticipated that their synthesis would be 
^effected by the method used in the preparation of tho glucosides. 
Each of these deductions has been in turn verified by Fischer and 
his collaborators. By the action of hydrochloric acid upon glucose 
in the cold, Fischer ® obtained a disaccharose very simibu* to maltose, 
but unlike the latter, an^orphous and non-fermentable by yeast. It 
was named isomaltose, E. F. Armstrong has since shown that some 
maltose is also present. 

Tfce relation of the disaccharoses to the a- and /i?-glucosides lircs been 
established by E. F. Armstrong •* by the same method which he {ipplied 
to a- and )S-glucose, namely, by observing tlie rise or fall of rotation of 
the glucose isolated by the enzyme, when eejiuilibrium was established. 
Using inaltase and invertase as hydrolysing enzymes, it was shown 
that maltose and cane-sugar are a-glucosides, lactose is a )8-glucoside, 
ratlin ose is an a-fructoside of melibiose, whilst starch, which is 
hydrolysed by diastase, appears to be a^)S-maltoside. The structural 
formulae originally assigned by Fischer to cane-sugar, lactose, 
maltose, and melibiose have nince undergone some modification (see 
p. 57). ^ 

» Ber., 1911^ 44, 132. , * Ber., 1890, 23, 3688. 

* Ti ans. Chem. 1903, 85, 13o5. 
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The formulae are based partly on the relation of the disaccharoses to 
the alkyl glucosides partlj^- on the general cheinical behaviour of the 
svgars themselves. Thus, cane-sugar has no reducing properties mitl 
forms neither hydrazone nor osazone, whereas iiialtose, lactose, and 
melibiose behave in this respect like the aldo-hexoses.' The difference 
between maltose, lactose, and melibiose is determined by thje space 
conliguration of the individual liexoses which are united in the 
molecule. The formula does not, however, indicate which half 
of the molecule in lactose and melibiose represents glucose and 
which galactore. Fischer and Armstrong ^ have found a simple 
way of solving the problem by forming the .osone of the disaccharose 
and then hydrolysing it ; the resulting hexosone will bp that of the 
aldose constituent. Thus lactose and melibrjse appear to be gfu^ose- 
galactosides.- 

* 

Structure of Sucrose (Cane-Sugar). Haworth, by introducing 
a now method of methylation (the use of methyl sulphate in 
preseiice of alkali) has succeeded in methylating the disaccharoscs 
and thereby thrown new light on the structure of these substances. 
Thus, octamethyl sucrose, unlike cane-sugar, does not exhibit inver- 
sion on hydrolysis, for it yields a mixture of totramethyl glucose uf 
[a]i> = -1-84'' and tetramethyl fructose of [ a],. = or a mean rota- 

tion of about I aji) = -f 57°, whereas the totramethyl fructose obtained , 
directly from fructose has a rotation of about [a],> = — 121°, which 
if present in the mixture would produce inversion and give 
[tt]„ = — 19°. Moreover, the new tetramethyl fructose in its 
sensitiveness towards permanganate appears to belong to the y> 
glucose of* ethylene oxide type. Sucrose is therefore represented by 
the formula : ® 

•1 

.cii— cH.,on 

/l \ I 

0 ( (GHOH), 

\l I > 

\CII OH/ 

CH9H (CH0H)2 
CHjsOH CIIjOH 

Structure of Sue .’ose. 

Its conversion into glucose and fructose will therefore involve six 

« 

1 Bcr., 1888, 21, 2633 ; 1902, 36, 3141 ; see a' so Fischer and Meyer, Ber,, 1889, 
22, 36?\ 

» Haworth and Law. Tra7is. Chenu Soc., 1916, 109, 1314 ; 1920, 117, 199. 
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changes, first a change of structure of fructos® from the a and 
mixture of the 1 . 2 lactone toe the equilibrium mixture of the a and fS 
1 .-4, lactone, and secondly a similar equilibrium change of tire 
tt-gliicose (sucrose bfting aiji a-glucoside) to tlie equilibrium mixture 
of a- and y^?-glucose. 

i • 

• 1.1 lactone 1 . 2 lactone 1 . 4 lactone 

Sucroso -> a-glucose + rt-fnictose a-friictose 

„ \fi , fi n 

p-gliicose /J-fi’iictosG )C^-lructoso 

Structure of Lactose, IMEaltose, and Melibiose. ^lii the same 
way Haworth and Leitch' have prepared a heptamethyl lactoside 
which on hydrolysis yields tetramethyl galactose' and a now tri methyl 
glucose. Unlike that obtained fi'vm glucose, it gives no osazone, and 
this, together with other facts, have led to formula I. Melibiose, 
whiclf is also a glucose galactoside, is }*robably rei)j*esented by II, 
whilst m#dtose, which forms a hephimethyl maltosidc and breaks ui> 
on hydrolysis into tli^e tetra- and tri-methyl glucose derived , from 
glucose, retains the formula oi'iginally assigned to it by Fisch^v.® 


,~CH 


CII 



CH- 


-CII^OH 


l)UOH 

I 

CIIjOH 

•(Galiiclosc) 


CHOH 

O I 

ClIOII 
— (^IIOH 


Lactose I. 


((Rucose) 


-CIR 

dnoH 

! 

-CH 

•CHOH 

I 

CHOH 
I— CHOH I 

(Galactose) (Glucose) 

» Melibiose II. 

‘ « ’’ 

* Trans. Cfiem. Soc., 1918, IIS, 188. 


— CH-^0- 
I 

CHOH 

I 

CHOH 

I 

CH 

I 

CHOH 


CH,OH 


CII-O- 


-CH, 


CHOH 
6 1 
CHOH 

-Lh 

1 • 

CHOH 

I 

CH,OH 

(Glucose) 


CIlOH 

r-( II 
I 

CHOH 


O 


CIIOII 

I 

CHOH 

f Glucose) 


Malto.^c III. 

» Tra7is. Chem. Soc., UU9, 115, S09. 



68^ THE CARBOHYDIVITES 

• • 

Synthesis of the*Disaccharoses. The first synthetic disaccharoso 
was obtained, as ivb have seen, by the*action ol* hydrochloric acid on 
glucose, and although the method was used successfully in prejAiring 
a variety of phenol glucosides, when applied to*th<^ disaccharoses it 
proved to be unsatisfactory. Many years before, another process had 
been indicated by Michael,^ who in 1881 obtained a phenol^luffoi^de 
by the interaction of acetochloroglucose and potassium phenol in 
alcoholic solution. 

CeH.ClOslCaHaO), + C,H,0K-^C6H,0 . + KCl + 4CIl3CO.,R 

Acotoclilorogiucose. PJicuolglueosnle. 

The synthesis of cane-sugar described by Marchlewski* in 1899 is 
said to be based upon this method, potassium fructosate and 
acetochloroglucose, dissolved in al(iohol, Were allowed to stand for 
a week, when cane-sugar, potassium chloride, and ethyl acetate were 
found to have been formed. But as the synthesis has never been 
confirmed on repetition of the process by others, it must b& regarded 
for this and for other reasons as doubtful. « 

Th: new? method devised by Fisher* in 1902 for the preparation of 
the acetoohlorohexoses, by the action of liquid hydrogen chloi’ide and 
bromide on the penta-acetates (p. 46), enabled him to apply Micha^Fs 
reaction to effect the union of a variety of hexoses.* By combining 
acetochloroglucose with sodium galactose,' acetochlorogalactose with 
sodium glucose, and acetochlorogalactose with sodium galactose, three 
synthetic disaccharoses were created, all of which are hydrolysable 
by emulsin, whilst the second of the series, galactosido-glucose, is 
fermented by ^ yeast and is probably identic;}! with melibiose. 

Another synthetic method introduced by Fischer and Delbruck* is 
to prepare the octacetyl disaccharose and hydrolyse the product. 
The octacetyl derivative w’as obtained in the case of glucose by 
shaking ^-acetobromoglucose with silver carbonate in moist ether. 

2 CioIIi 90 ,,Br + HgO = ,^0,, + 2HBr 


On hydrolysis with baryta water a disaccharose is formed which 
resembles trehalose but has a different rotation. It has been termed 
isotrehalose, and is probably one of the stereoisomers of the 
constitution \ ^ ‘ 


1 Bcr., 1881, 14. 2007. * 

* Trarm. Acad. Sciences, Cracow, 1899. 

* Ber., 1902, 35, 833, 3114, 3153. 

* Ber., 1909, 42, 2776; 1910, 4B, 2521. 
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, O — 

CH2OH . CnOH . CH . CHOH . CIIOH*. CH 

\ 

CH^CgEI .CIIOH . CH . CIIOH . CIIOH , ClI 

0 - 

Disaccharoses have also been obtained by the synthetic action of 
enzymes. Croft Hill prepared isomaltosx^ a substance closely i-elated 
to maltose by the action of maltase on glucose (p. 55), and Armstrong 
obtained maltose, using *emuliin as enzyjne. Fischer and Armstrong 
obtained an isolactose by the action of lactase on a mixture of glucose 
and gjijitct^ose (p. 73), and .l^ourquelot and his co-workers ” g&ntidbwse 
from glucose and galactohiose f%om galactose by the action of 
emulsih. 


The following is a list of polysaccharoses : 


Sng»i*. 

Component monosaceliaroses. 

• 

• Disaccharobes. 

Maltose 

Isomaltose 

• Gentiobiose 
Oellobiose 
liactoso 

* Isolnctoso 
Molibioso 
Turanose 
•Sucrose 
Trehalose 
Viciaiiose 
Glucoxylose 

Glucose a-^lucosido 

Glucose i3-glucoside 

Glucose iS glucoside 

Glucose /3-glucoside 

Glucose /3-gaIactoside 

Glucoso-galactoside 

Glucose^alRctosido 

Glucose + (g-iictose 

Glucose + fructoso 
(}Iucose + glucose 

Gl ucose + arabinose 

GluciftsO + xylose 

• 

Trisacckarosea. 

Maniiotrioso 

Rhamninuso 

Railinose 

Gentian(»so 

Molicitose 

Glficose + galact<»s<» + galactose 

Glucose + rhamnoso + rhainiiese 

1 Galactose + Si ucose + lructosr ) 

) Sucrose /3-galactosido { • 

Glucose + glucose + fructose 

Glucose + gl ucose + fructose 


• • 'rcti'asaccharoses. 

Sijachyose 

Vorbascose 

Fru ctose + gl ucose + ga 1 actose -(gal actost ■ 
Fructose + glucose + galactose + galacto'^e 1 


Rotafory pti^ei 

[•|b 


+ 138^ 

+ :M;0° 
+ 52 - 6 " 

+ U:r 

* + 71 . 3 ‘" 

• +( 50 . 5 ° 
+ 1*)7° 


+ 1(57° 
-41° 

+ 104 

+ :i.r 

♦ 88-5° 


+ MS° 
+ 1(50*0 


The Natural Glucosides. J This group of substances includes a 
variety of crystalline, and, for the most part, colourless compounds 


' Bourquolot’, Ilefissoy and Coirid, Cmnpt, rerud,^ 1913, 157, 732 ; Bourquelot and 
Aubry, Compt. rend., 1916, I 60 , 60. 
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of vegetable origin,*' which break up on boiling with mineral acids or 
by the action of Tipocific enzymes into a sugar and into a second 
'brganic constituent. The sugar is, as a rule, JD-glucose, but ^liico- 
sides containing botli active forms of anabinose, j['-xylose, 7}-ribose, 
i^-rhamnose, D-galactose, D-mannose, and i>-fructose, ,as well as di- 
and tri -saccharoses, are known. Occasionally polyhydric* alcohols 
ina}'' take the place of the sugar. The second constituent is usually 
an aromatic compound and includes a variety of phenols, aromatic 
alcohols, phenolic and hydroxy acids, coumarin derivatives and 
derivatives df anthra(piinone, llavone, isothiooyanates, such as ordin- 
ary mustard oil, purine compounds, alkaloids, the indoxyl of indican 
(from indigo), the active principles of digitoxin and digitalip (from 
foxglove), and other substances of jinknouhi constitution. The struc- 
ture is probably similar to that of the simple alkyl glucosides, and, 
like these, they are divisible into a- and )t?-series, as already explained 
(p. ;j9). 

The functions of the glucosides in plants are at present somewhat 
obscure, but it is probable that they serve various purposes and that 
the enzyjne associated with the glucoside hydrolyses it ai>*the re- 
quired moment and so stimulates some important change in plant 
metabolism.^ 

Among the substances which have in recent years been added to 
the list of glucosides is the tannin of galls. Accoi’ding to Fischel 
and Freudenburg ® the purified material from Chinese galls contains 
about 7 to 8 per cent, of 7>glucose, to which it owes its activity. A» 
gluco-gallic acid has been isolated from the galls,® they were led to 
conclude that taiyiin is probably a pentadigalloyl glucose. 

[C^U^AOII^CO . 0 CeH 2 ( 0 H) 2 C 0 ],CcIl 70 e 

H Pentadigalloyl glucose. « 

This view was confirmed later by the synthesis of pentagalloyl 
glucose and other phenolic acyl glucoses which closely resemble 
tannin, but more especially by the synthesis of methyl tannin. 
Methyl tannin, obtained by the action of diazomethane on natural 
tannin,* is very similar if not identical with the pr 9 duct obtained 
by the action of ipentameihyldigalloyl chloride on glucose, 'and' 
probably consists of a mixture of the a- and )8-isomers. 


^ H. E. an<l E. F. Armstrong, Proc. Eoy. Soc., 1910, 82 B, 688. 
2 Ber., 1912, 46, 915, 2709 ; 1913, 40, 7263. 

* Feist, Alstr.y 1913, i, 70. * 

* Herzig, Her,, 1905, 38, 989. 
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The characteristic of the acid radical in these substances is the di- 
acid group wliichHs formed hy the union of the phenol hydroxyl ol' 
one phenolic iscid with the carboxyl of a second. Fischer has named 
^ the»e* substances de/gsides {S&j/av = to tan) ^nd distinguishes the 
number of grouped acid radicals by the prefix mono-, di-, tri-, iSlc. 
A general method for their preparation-^devised by Fischer consists 
ill protecting the phenol hydroxyl by introducing tho^carbethoxyl 
group (using chloroforriiic ester) and converting the acid into the 
chloride, the latter being *then allowed to react with the sodium 
phonate-of a iJecond phenolic acid and so forth® The carbethoxyl 
group is finally removed by hydrolysis witli dilute alkali. 

(CO..R'iO.CoIl4COCl + JS’aO.CcH4COONa — > (f!O..R)OC JI^CO . OCfiH.COONa 
HO . C0H4CO . OOfiIl4C6oH 
• DL-depsido. 

The acid chloride of tiie'depside is combined with glucose in presence 
of an orjguiic base. ^ 

More recently Fischer and Borgmann ^ succeeded in proi)ai'ing the 
m- itnd p-pentadigalloyl derivatives of both a- and /i-glucoso by com- 
bining digalloyl chloride with glucose in presence of (piiiioline. They 
closely resemble the vegetable tannins in their tanning properties. 


? * Eeperences. 

Strailtmn hi der Zm-hargnippe, land II, by E. Fischer : Ber„ luOO, 23, 21,14 ; 1894, 
27,3181. 

J\ur::es ITanfllnich der Kohlrnhydratej 2 vels., by B. Tollens. Trewondfc, Breslau, 
1888 .‘11^1 1895. t 

C/icmiedcrZiicJeerartenjJ}yE,(\ von Lippmanu. Vi«!wcg, Brunswick, 3rd ed., 
1904. 

The Quhohydrates md Glucosidei^j by E. F. Armstrong. 2ad ed. Longmans, 
London, 1912. 

The Siifjars and HirAr Simph Derivatives^ by J. E. Mackenzie. Gurney and Jack- 
son. London, 1913. 

Untersuchuuijen liUr Depsitie und Oerhstoffe, by E. Fisebor, Springer, Berlin, 1920. 

• • ‘ Ber., 1918, 51, 1700, 1804 ;1l919, 52, 
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FEKMENTATIO^T AND ENZYME ACTION 

Fj3bmentation mjiy be broadly described* as a process by which 
certain products are elaborated as the result of the activity of living 
cells. The lifeless^p rod nets of the cells which (3irect>y induce these 
changes are termed enzymes (cr in yeast) ond act eitlier*in the 
presence or absence of the living organism. Fermentation is there- 
fore a result of which enzymes are the active cause. 

Thus, the original meaning of the word, which was derived from 
fervere, to boil, and which connected it with the evolution of gas, lias 
eiiti^’ely disappeared. 

Historical. The early history of fermentation is mainly con- 
cerned with alcoholic fermentation. Until the pixteenth century 
it was commonly supposed that the alcohol was present before 
fermentation in combination with impurities, which were removed 
during* the process, thus liberating the alcohol. In 1682 Bocher 
proved that sugar was necessary for fermentation and that the alcohol 
did not pre-exist in the liquid. Towards thi9 close of the eighteenth 
century Lavoisier demonstrated the true' composition of cane-sugar, 
estimated its constituents, and followed quantitatively its conversion 
into alcohol and carbon dioxide. In 1837 an important advance 
was made by Cagniard de la Tour in France, and almost • simul- 
taneously by Schwann and by Kutzing in Germany. They ol)served 
under the microscope the reproduci -.on, by budding, of the 
small spherical bodies which had been seen many years previously 
by Leuwenhoek in the sediment or scum of fermenting liquids. 
They associated the disappearance of the sug^r and the production 
of alcohol and carbon dioxide with the presence aiid reproduction 
of the organism. Notwithstanding the convincing nature of their 
experiments it was not until a quarter of a century later (1860) that 
the dependence of fermentation on th ) vegetative tjunction of the yeast 
cell was generally accepted. The vitdlistic theory, as it was called, 
had to contend against the strenuous 6opf)osition of Liebig and others 
of his school, who strove to explain the phenomena of life by the aid 
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of purely chemiciil aiid physical laws. Instead of crediting the yeast 
orgaimsm with the power of causing fermentation, they constructed 
a mechanical hy[)oth%sis, k^owii as the physical or vibration theory. 
According t(^ this hypothesis the real ferment was a non-living 
substanca which rapidly decomposed, and in so doing transmitted 
a sTiock to the sugar molecules by which they were resolved into 
simpler substances. The theory was in fact a revival of the old views 
of Willis and of Stahl, which were put fJ^rward during the latter half 
of the seventeenth century. It was not long before a «nodirici),tion 
of Liebig’s original concep^idli was found necessary. The brilliant 
and conclusive researches of Pasteur left no doybt that the active 
agent in the change was tlfe living cell. Efforts were made to bring 
the two views into harmony, an^ Naegeli put forward the theory 
that aH substances capable of fermeniajion have their molecules 
in a stale of active oscillation in virtue of their potential energy. 
The ferment, being in a similar condition, transmitted its motion 
to the fermenting ni^ittfi-ial outside the living cell and thus effected 
its decogiposition. The ferment itself was not supposed to be 
destroyed in the process, as Liebig had postulated in his original 
hypothesis. ^ 

At length, after nearly hyenty years of fruitless discussion, Pasteur 
^as able to definitely prove that alcoholic fermentation was essen- 
tially an intracellular change effected by living yeast, and to show 
yaat the lactic and butyric fermentations were kindred i)henomena 
caused by individual organ iwns distinct from the yeast plant. 

• 

Hffeaning of Fernieutatiou. Until comparative!,^ recently a more 
or less sharp line of demarcation was drawn bid ween a change, such 
as fermentation bj?^ yefist, and those reactions which are brought i)J;)out 
by substances to wlych the name enzyme has been given. Emulsin, 
an enzyme found in bitter almonds, was observed as early as 1830 
by Robiquet and Boutron,*and its mode oj action was elucidated 
in a striking way by Liebig and WcJhlor.^ They showed that the 
enzyme occurred along with the glucoside, amyydalin, and that when 
the cells of tho^ almdhd are ruptured in the presence of water the 
two substances are brought into contact with tlfe result that the 
glucoside is resolved into benzaldehyde, hydrocyanic acid, and glucose. 

By suitable methods it is j^ssible to separate the enzyme from 
the glucoside and from the celll of the almond, and the reaction may 
consequently be carried out under conditions which preclude tl^ 
possibility of®anj living matirial being concerned in tho change. 

# • 

‘ Aim. Chim. Phys.y 1S;J7, G4, 165. 
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FERMENTATION AND ENZYiME ACTION 

f 

A similar reaction had been obseiTed as . far back ^as 1814 by 
Kirchhoif, who discovered the conversion of starch into sugar the 
presence of a watery extract of germinating bai^oy, and twenty years 
later Payen and Persoz were able to roughly isolate the enzyme, 
to which they gave the name diastase. A similar enzyme, way also 
discovered in the salivary secretion by Leuchs, and about the same 
time pepsin, an enzyme which brings about the hydrolysis of proteins, 
was found by Schwann in tke gastric juice, ‘ 

Ferment reactions were therefore divided into two classes- 
reactions induced by organised ferments connected with the presence 
of living cells, and. those caused by unorganised ferments capable of 
acting in a sterile medium. ' * • 

This distinction pci*sisted for a" long time, although suggestions 
had been made that the difference between the two kinds of fchange 
was more appai’ent than real.® In 1896 E. Buchner was able to 
sJiow that by rupturing yeast cells by mechanical means and 
expressing the cell juice under high pressure,,, a liquid is obtained 
which is capabl<\of converting a not inconsiderable amount of sugar 
into alcohol and carbon dioxide in the complete absence of living 
yeast cells. This result at once placed alcoholic fermentation— »the 
fermentation par excellence — upon a level with the changes produced 
by unorganised ferments. Further research has shown that by 
similar.methods other organisms, particularly those which cause the 
lactic and acetic fermentations, may be made to yield crude enzyme 
preparation^ which are free from living, cells, but are still capable 
of inducing the particular change associated with the organism from 
which they were derived. 

The tendency is therefore to ascribe fermentation reactions, whether 
associated with living cells or not, to the structureless, nonliving 
enzymes, although it must be admitted that many fermentations are 
known which cannot at present be shown to take place in the absence 
of living matter. It .’s therefore bel.ter to designate ferments as 
intracellular or extracellular according as they noimally operate within 
or without the cell by which they are formed, not forgetting that 
in very many cases it is possible by artificial ’means, to cause intra- 
cellular enzymes to exert tlieir functions independently of the cdll. * 

‘ The discovery of the formeuts concerned in gastric digestion must roally bo 
ascribed to Rdaumur (1752) and tho Ab.>4 Spallanzani (,1785). The latter 
caused birds of prey to swallow small sponges attached to a string. After 
withdrawal, the sponges yielded a small quantity of gastric juice which w'as 
able to dissolve and change fragments of msat. These resuUs>were, however, 
not accepted as correct until many years later. 

* Moritz Traube, Pogg, AnnaUn^ 1858, 103, 331. 



MEANING OF PEEMENTATION . ’ $5 

Enzymes ai;e substances of the utmost imporlance to all living? 
matter. They may be regarded as the ‘ chemicar reagents ’ of the 
organism. Their produce, even in minute quantities, effects the dis- 
integration of larg!? ajhounti? of complicated substances of tlie most 
varied kind iiito simpler bodies, which are disposed of or utilized 
accQfUing'to the requirements of the cell. They also furnish ‘the 
means whereby the sun’s energy, through the medium of plant life, 
is made available for the animal organisni. 

Fermentation, a Catalytic Process. The similai^ty existing 
between enzyme actions and 'ordinary catalytic or contact changes 
had not escaped the notice of Berzelius. The vie^w of Ostwald that 
catalysis* is essentially an iy> crease in the velocity of a reaction, which 
normally proceeds at a definite though extremely small rate in the 
absenc^of a foreign substance or catalyst, is quite in harmony with 
all that is known of enzymes ; so iliat an enzyme may he defined as 
a catalyst produced by living organisms. Moreover, like most cata- 
lytic processes, the sp^ed of fermentation inci’easos with the anu^iuit 
of enzyme, whilst the enzyme does not appear in yie product ^lor 
does the quantity taking part in tho reaction boar any definite molecu- 
lar ralalion to the substance acted on. Another and striking analogy 
between inorganic catalysts rind enzymes is the reversibility of certain 
ferment actions. The recent work which has been carried out ui>on 
both inorganic and organic catalysts, by the application of pliysical 
nicthods to the measurement of reaction velocities, has only served to 
emphasize their close conne'^tion. Tlie mechanism of enzyme action 
is briefly discussed on p. 

Chemical Action of Enzymes. Tho majority of enzyme reactions 
are of a simjjle hydrolytic character and the eneigy exchiinges are 
small fe. g. the saponification of fat, the conversion of starch ''into 
sugars, the liberation of sugars from glucosides), and most of them 
can be carried out equally Well with inorganic catalysts such as acid 
or filkali. Even some of the more complicated ferment changes, 
such as the oxid.ntion of alcohol to acetic acid and the conversion of 
calcium formate into ]=ydrogen, carbonic acid, and calcium carbonate, 
may- be effected by finely divided metals siich,.as platinum and 
iridium. It must, however, be remembered that, unlike most of tho 
inorganic catalysts, the enzymesiare to a considerable extent ‘ specific \ 
e.g. a fat-hydroly sing enzyme ij; incapable of hydrolysing starch or 

glucosides. The two kinds of catalysts differ in another ros^^ect. 

• ^ 

1 Asher and Ergehnisse tier rhyniologie^ 1903, 1, 134 ; Bredig, Arwrganische 

Ferine, ite^ UaUUtatimHchriJt^ Lcrpsic, 1904 ; Victor Henri, Lee Lois GmAraleZ de 
r Action des Piastasef^, Paris, A. liermunn, 1903 ; Senter, Proc. Hoy. Soc.j 1905, 74, 
201 ; Eulqir, Zeit^ physiol. Cheiii.f 1905, 45, 420. 
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At a cortaiii stage t)Gfore complete hydrol5^sis iselFect^jcl, the action of 
the enzyme often*slows down. Diastase hydrolyses starch to maltose, 
when the process almost ceases before the glucose stage is retfched ; 
l>e2>sin, in' the same way, produces pcptcmes when |fuj t her hydrolysis 
to amino-acids proceeds so slowly that prolonged JVJtion may be 
necessary to detect it. Finally, there is an o2)timurn coiicenlftxyon, 
above and below xvhich there is a falling oil’ in enzyme activity. 
There is a large amount of indirect evidence to support the view tliat 
an enzyme enters into a definite comlnnai ion xvitli the substance wliieh 
undergoes cliaiigo. It should be pointed out that if such a coml>i na- 
tion takes place with gain or loss of energy, it will change the energy 
content of the syslxmi and so alter the equilibrium-jio’nt attained. 

E. F. and H. E. Armstrong* regard the enzyme as having* a two- 
fold function, attracting the hydrolyto as well as effecting its hydro- 
lysis, the double action ‘being aitriliuted to an ‘accexitori. which 
attaches the hydrolyte and is similar if not identical with it and an 
acid catalyst (in*ol)ably carboxyl of the protein group) which acts as 
the hydi’olytic agent. ' 

It is usually 'assumed, from analogy with other catal/sts, that 
a minimum quantity of enzyme is callable of causing the decom- 
position of an infinitely large amount of the substance upon which 
it acts, provided that the necessary time is allowed. Practically, 
however, this condition of things is seldom approached, although 
a few cases — notably the action of invertaso upon cane-sugar and of 
the clotting enzyme, rennet — the enzyme isca^mblo of bringing about 
change in as much as four hundred thousand times its own weight 
of substance without losing its activity. It is, however, much more 
usual for a considerable destruction of the enzyme to take place 
during the reaction, and it is a significant fact that the conditions 
most favourable to the rai)id action of many enzymes are precisely 
those which jjromote their destruction. For examx)le, the protein- 
dissolving enzyme, try2)sin, secreted by the 2>ancreas, acts most 
readily at a moderately high teinjwature and in a comparatively 
strong alkaline medium, and under these conditions the enzyme is 
l apidly destroyed, particularly in the absence -of jwotein upon which 
it may act. In c-ther caser the i>roducts formed during the reaction 
act prejudicially. Thus, the free acid, liberated from fats by animal 
lil^ase, has a distinctly harmful effec*^ upon the enzyme. It follows 
that there is a definite limit to the a.«nount of change that a certain 
^.uanlity of enzyme can bring about ; but the fact is not necessarily 
oi>posed to the action being catalytic. 

Composition of Enzymes. It has not been possible to isolate an 
^ Pm*. Roy, Soc., 1913, SOB, 5G5. 
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enzyme in pure sl-jite, and up to the present it lias hoen impractic- 
able to do more than investigate the effects produced when mixtures 
containing them are .j] lowed to act upon substances of known com? 
position. Of tlie •enzymes themselves wo know ox tremelyii tile. In 
inan3^ cases it is possible to obtain solid amorphous preparations, which 
, fuitiish extremely active enzyme solutions when dissolved in Aviitor. 
Unfortunately there is no delinite criterion of i>urity to serve as a 
guide, and the methods available for the preparation of enzymes are 
such as would not remove many known impurities. The reason for 
this is that enzymes belong to the class of colloids — ihftt is, they do 
not, as a rule, form true solutions, but are present as suspensions of 
line iwticles “which, when strongly illuminated by a side-liglit, 
reflect it and can be seen in th^ field of the microscope (ultra- 
microscope) as bright specks floating in the liquid. 

ThO*properties of colloids depend mainVy on the large siirfiice of the 
particles in proportion to their size. It lias boon shown that if a 
dissolved substance lowers the surface tension of a liquid tJiere is 
a tendency for the sifbstance to .accumulate at the intorspavebcl^vcen 
solid and solution. It can bo readily understood that such* a process 
must occur when a solution is in contact with colloidal substances 
whereby the latter tend to withdraw the substance from .solutioii. 
The phenomenon is called* * adsorption *, and it will occur whenever 
the surface energy of a solution, from whatever cause, is lowered. 
Colloids may possess an electric charge which may promote or ili- 
*iiiiiiish adsorption. For example, if .arsoiiious sulphide, which forms 
a colloidal solution and fifUTiesan electronegative charge, mid colloidal 
ferric hydroxide, which is electroiiositive, are mixed iji such i^roportion 
that the mixture is electi'ically neutral, both are precipitated as a 
complex colloid, Veiy similar efiects are iiroduced ])y electrolytes. 
Colloids carrying a definite charge will ]>e piecipitated by itAis of 
opposite sign. 

Thus enz\mies, being coWoids, carry down by adsorption substances 
present in the solution from which they are*precipitiited.’ It is not, 
therefore, surprising to find a portion of the solulo firmly adhering 
to the enzyme in the. process of j)urificalion by precipitation. The 
.colloidal state of the enzyme no doubt j^jioduces yi tlie same way a 
union with the subst.ance acted on, which then undergoes clieinical 
change (see p. 97). This vie^s^^jof the initial jn-ocess of enzyme action 
seems to be generally" .accepted. 

As a rule enzymes are thrown out of solution on addition of alcohol 
or salts, such as ammonium ir sodium sulx>haie.s. Frequently tlfey 
may he carried down wi/ih neutral jirecixiitates, such as calcium jilios- 

^ Physics and CJ hnisiry of CoUoids, by E. Hatsebek. J, ami A. Ohurcliill, London, • 
1913 . • ^ 
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l)hate, when formed in their i>resence. The procii)itatioii^of an alkaline 
solution of a protein, sucli as casein, with a weak acid, is often ellec- 
iive. In some cases, pai*tieiilarly that of the protein-hydrolysing 
enzynios, they may be withdrawn from solution byi shaking w’ith in- 
soluble substances such as blood-fibrin, charcoal, ckolesterin, or 
inaghosiuiii carl)onate. • * i 

Generally speaking it is found that the most carefully purifie*! 
enzyme 2 >reparalions give the. reactions of i)roteins, and for a long 
time the view was prevalent that enzymes belonged to the class of 
niicleo-jwoteHis (]^. 1G5). It is certain, liowcwer, that many enzymes 
are kiu»wn wJiicli are not niicleo- 2 >roteins, and some, such as the 
vegetable oxidases, neem to contain scarcely any nitrog^n.^ Ip short, 
the view that eiizymos are i^roh'^is is b^iig gradually abamioneil. 
The general pro[)ei*ties of enzynnss lead to tlie conclusion thajb they 
are unstable substances of very high molecular weight-, and th.^re are 
good reasons for holieviiig tliat their molecules are asyniinetric. In 
solution they are .almost all destroyed at temper.atures of about 
65-8 but in the absence of winter they are more stable, and some 
have been licatetVto 150® without losing their activity. 

It is probable that the enzymes will bo found to be allied to the 
class of substances upon which they act. The enzymes which act upon- 
the xantliiiio bases are intimately connected witli nucleo-proteins, 
which themselves furnish xanthine bases uj^oii h^alrolysis. The ijurcsl' 
pejisin yet obtained was found by Pokolharing^to have an elementary 
composition not difiering widely from most proteins (0 - 5:?, II “ 7, • 
N = 14 - 0 , S = 1 05) and to resemble the^ nucleo-jnoieiiis hi some 
other particulars., Tryj)sin, i>ai>a’in, and thrombase, all enzymes which 
act ujioii i)rotein substances, would also axii^ear to resemble comiilex 
protein derivatives, and tliis view is supiiorted by the fact that the 
three proteases, trypsin, pepsin, and papaTn, are able to mutually 
‘digest’ one another. According to O’Sullivan and Tomjison,^ in- 
vertase contains a carbohydrate, possibly in combination with a 
protein, though the purest iireparations contain very little nitrogen.'’ 
Diastase,'^ however, appears to be a protein derivative. 

Enzyme preparations invaluably contain sn^ill quantities of in- 
organic matter, which in some cases seems to be of great iiniiortarce. . 
A striking exanqde of tliis is seen in ‘laccase’, an oxidising enzyme 

^ The iliniciilties attoiidiug the ssitisfiiclor^ isolation of enzymes has led some 
investigators to doubt their real existence as definite siibstances. Arthiis (ia 
Nufurc ties Eitzynips, Thfese, Paris, 1896) expresses the view that enzymes ro])resent 
no material substances, but are forms of imponderable energy comparable with 
light, electricity, &c. Others li.*ivo tried to dr iw analogies bolwoen tiie enzymes 
and the emanations of radio-active substances, but theso hypotheses are of 
coura^ purely S2)eciilative, and there are at present, no reasons why the older 
materialistic view should be abandoned. * Zeit. physiol, nhem., 1902, 35. 8. 

s Trans. Chmi. .^'oc., 1890, 67, 834. • WrdJdewski, Ber.^ 31, 1130. 

® Killer and others, Ze.it. phy.siol. Chem., x910, 69, 152. 
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discovered by Yoshida,^ which plays an important part in the pro- 
duction of lacquer varnish from the sap of the lac tree. Bertran<l ^ 
finds that the ash coj;iiains up lo 2 per cent, of niant’anese, and that 
the activity of thtf enzyme i§ proporlional to the ina!ij;ane'so iu\*sont. 
It was further shown that in certain laccaso preparations, which eon- 
taified an exceptionally low amount of jiian.ixanose, the action of the 
enzyme could bo increased ihirtyfold by addition of maiij^aneso salts. 
It has been suggested that manganese, -being able to form compounds 
of varying degrees of oxidation, acts directly as an oxygen carrier, 
though salts of other metalg cannot r<‘jdacc it. The fcccurrence of 
manganese in the ash of tea-leaves is j^robahly connected with the 
p resell, of a Similar enzyme. • 

Calcium salts are found to be of^ontial to the action of some of the 
clotting enzymes, such as rennin and thrombase, whilst chlorine 
would* ai)pear to he a necessary conslitueftt of i>epsiii. Phosi)horus is 
often foifiid in the numerous enzymes associated with nucleo- 
proteins, though it is iy)t certain that the phosphorus is aetually^part 
of the enzyme molecule. • 

Conditions determining Enzyme Action. Enzymes can act 
only within a limited range of temj)eratiire. Little oj* no action is 
observable at the I'reoziqg-point, and a tomperaluro of about ()0“ 
^usually causes a fairly rapid destruction of the ferment, whilst at 
somewhat higher temperatures tlioir desi ruction is almost wistani ly 
rcomplete. In gone’*al, tlie enzynu-s of animal origin act best at about 
blood-temperature ^fliilst a temixjratui’o of about is often 

favourable for vcgotable enzymes. In sojin? cases enzymes from cold- 
blooded animals seian to act )k*s1- at .a temperature of about; lr>\ 

With few excepticius the enzymes can .*ict only in almost neutral 
solutfens, and in general a faintly .‘icid jiiedinm is jiroferabhj >o ono 
with an alkalin<‘. reaction. Trypsin, liowever, works well in a solu- 
tion containing 1 to 2 per •cent, of sodium carbonate, whilst, on the 
other Jiand, pepsin is most active in the pft?henco of 0*2 per cent, of 
hydrochloric acid. Additions of most foreign substances alfect enzymo 
reactions adversely, but occasiomdly small quantities of neuti-al salts 
are^advantageous. Many neutral substances wliicb are very ]ioisonous 
for the living organism (cyanides, fluorides, chloroform), or aromatic 
hydrocarbons (toluene, &c.), ^re not nearly so in-ejudicial to the 
enzymes, so tliat substances of this kind arc frequently added 
to solutions in which enzyme changes are in X)rogress in order 
to j;)revent bactoi-ial contamin tion. 

' Trans. Chem. Soc,, 1883, 472. 


* Coinpf. rcud.j 1897, 124, 1032i 
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Specific Action of Enzymes. The simplest reactions brought 
about by enzymes may be divided into three classes — those which 
bring about a simple hydrolysis, those conceriied in oxidations and 
reductions (oxidases and reductases), and ’those whiah induce clotting 
of certain substances. The enzymes of the first ciass may be 
arranged according to the nature of the substance, or suhkmte, 
which undergoes change —polysaccharoses, di- and tri-sacclKiroses, 
glucosides, proteins and their decomposition products, purine 
bases, &c. 

The nomeliclatiire now in general use for'the naming of enzymes 
is that suggested by Duclaux, and consist's in adding the suffix -ase 
to the substance upon which the action of the enzyme was first 
observed. Certain of the older names, however, such as trypsin and 
emulsin, &c., are still retained. 

o iV 

Enspnes tvhich induce the hjfdrolysis of Polysacc7iaroscs> 


i. .tzume 

1 Substrate, 

Products. 1 

1 

1 ^ Occutrence . ' 

Di;istase 

Starch 

Dextrins 

i Germinating grain 

(syn. Amylase) 

Glycogen 

Maltose 

Veg. J and many plants. 




( fuhgi, and bacteria 



, 

Animal 1 ranoi-eatic juiee. 




Animal j saliva* 

Inulaso 

Oullulnse 

Inulin 

Cellulose 

Fructose 

Reducing sugars 

Germinating bulbs and ' 
tubers. Aspergillus niger 

Voe i grain, 

) fungi 

(syn. Cytase) 


- 




Pcctinase 

Pectins 

Reducing sugars 

Germinating grain 

Golaso 

Geloso 

(Agar-Agar) 

Reducing sugars 

Bact. gelatieiis 

Oaroubinase 

Oaroubin 

Reducing sugars 

CiJrob beans 


Amongst the enzymes concerned in the hydrolysis of the poly- 
saccharoses, diastaso is by far the mo^t important. It has an 
extraordinarily wide distribution, the enzymes from both animal 
and vegetable sources being apparently identical. Relatively pure 
diastase is easily prepared by extracting grasn or air-dried malt 
with dilute spirit ,0 and theji precipitating the filtered liquid witli 
absolute alcohol. The crude product is purified by reprecipitation 
and is freed from most of the inorganic impurities by dialysis. 
The substance finally obtained is a white powder,- of which a very 

^ Only the principal sources of the enzymv^s can be noted here. A complett 
account of the distribution would occupy too much space. 

® The name ‘ptyalin ' is commonly given to sali^ ary diastase. 
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small quantity is able to liquefy a very large* amount of starch 
paste. When allowed* to act upon starch pasi«? it is found that 
after a short time the liquid no longer gives a blue colour with 
iodine, but a deep retf-hrown, whilst at a later stage no reaciion at all 
is observable# No definite conclusion as to the nature of the pro- 
duftil of the action of diastase upon starch has yet boon reached; hut 
it is certain that maltose is the main product. A number of 
substances belonging to the class ^ of dextrins (ery throdextrin, 
achroodextrin, amylodextrin, maltodextrin, &c.) have been described 
by different investigators, but they are difficult to « characterize, 
and much confusion exists as to their individuality.^ It was 
formerly believed that iso-maltose was also, produced in the 
reaction, but this view is*, no longer generally accepted. Vegetable 
and animal diastase act equally well upon glycogen and upon starch, 
and ti.e products are similar. # 

Inulase," an enzyme occun*ing in the growing tubers of the 
artichoke and other plants, is able to bring about the conversion 
of inulin into fructt)se, but is without action upon starch. ^'The 
other eszymes of this group, although of the utmost unportance 
from a biological standpoint, possess little chemical interest, as the 
nalure of the reactions involved is still obscure. 

• 

F/nsymes inducing the hydrolysis of the J)i- and Tri^saccharoses, 


Enzyme. 

Substre^. • 

Products. 

Princtpal^ Occurrence. 

Maltasu 

(syn. tt-Glucaso) 

Maltose 

Glucose 

Yeast,#malt, taka-diastase, 
intestinal juico 

Invertti-se 
(syi^ invortiii, 
bucrase) 

Cane-sugar 

Pruclose, glucose 

1 

Yeast extracts, many parts 
of plants, fungi, intestinal 
juico * 

Lactase 

l^actose 

j (jlucoso, galactose 

Kephir organism and .some 
saccliaromyces, intest iiial 
juice 

Penicillium glaucum 

Trohalaso 

Trt3halo.se 

Glucose 

Aspcsrgilliis iiigor 

Green malt 

Kaffinase 

Kaffiuose 

Melibiose and 
fructose 

Yeast and Aspergillus niger 

Molibiase 

Melibiose 

Galactose, ghj|,coso 

^ Froborg yojist 

Melizita.so 

Melizitose 

Touranose, 

glucose 

Aspergillus niger 

Touranase 

Touranose 

^ Glucose 

Aspergillus niger 


^ Lintner and Diill, Ber„ 1S93, 26, 2533; Brown and Morris, Trans. Chem. .loc., 
1889, 55, 4fi2 f 1895, 69, 709. 

^ Green, AnnaJs ofBotany.^1, 223. # 
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Maltase is one of the most important and . widely distributed of 
the enzymes concerned in carbohydrate metabolism. It is found 
'in most varieties of yeast and other fungi, and also in intestinal 
juice. Its special action is to convert maltose into two molecules of 
glucose; it is without action upon cane-sugar. Isis occurrence 
along with diastase in malt extracts explains the frequent presence 
of glucose amongst the degradation products of starch. 

Maltose is not directly fernientable by yeast ; for it is necessary 
for the maltase pi-esent in the yeast to transform the maltose into 
glucose befoe conversion into alcohol and- carbonic acid can occur 
Since maltase is not readily obtained from yeast, unless the cells 
are thoroughly dried and then ground with sand^and water, it 
follows- that the conversion of maltose into glucose by yeast is an 
intracellular change. 

Similarly it is found that, before maltose can be made use ^f as a 
source of energy by the animal organism, it must be lirstecon verted 
into glucose, a change which is brought ahoui by the enzyme 
pres'e,pt in the intestinal juice. 

The action of aialtase upon maltose is of special interest, l^r it wjra 
thought by Croft Hill ' to be reversible (p. 99). Ho found that glucose 
in concentrated solutions under the influence of multase is partly 
converted into maltose. The same equilibrium mixture of maltose 
and glucose is produced whichever sugar is taken as the starting- 
point, :;nd is dependent upon the concentration of tho solutions. 
With solutions containing less than 4 per cent, of sugar no reversion' 
is observable. Some discussion lias taken place as to the exact 
nature of the sugars formed from glucose. Emmerling ^ considered 
that isomaltose is formed, whereas Croft Hill, on the other hand, 
niaiiihiined that in«*iltose and a new disacchar9se, revertose, are pro- 
duced. It seems probable, acciirdi ng to E. F, Armstrong,' that 
revertose is identical with isomaltose, as both are hydrolysed by 
emulsin, and are therefore jS-glucosides. It is at least certain that a 
synthetical process has bfeeii brought about by the enzyme. 

Maltase is also able to bring about tho hydrolysis of the a-series of 
synthetical glucosidcs obtained by Fischer, to which reference will be 
made later (p. 74). , 

Trehalase is an enzyme which converts trehalose into glucose, and 
in most respects resembles maltase. ^ 

Invertase is a comparatively stable enzyme which, when acting 
under favourable conditions, can convert more than one hundred 

f natis, Chan. Soc., 1898, 73, 634 ; 1903, 83, S78. * Ber., 1*^01, 34, 000. 
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thousand times its weight of cano-sngar into gfucose and fructose. 
It has no action upon maltose and lactose, but apparently can attack 
geiitianose, a complicjited sugar which contains a cano-sugar grouping. 
Iiivertase appeaus to play* an important part in connection ^Yitb 
the photo-sytithetic production of carbohj'^d rates in green jdants. 
Aiisordiilg to Blown and Morris^ cane-sugar is the livst stable carbo- 
hydrate.* formed in tlie synthesis, and as cane-sugar, like mallosc, 
does not seem to be directly assin;|ilated by the organism, it is 
converted into the assimilable glucose by means of the iiivertase, 
'vliich is commonly foinul in the green parts of plants. ■* 

Invertaso is also found* in the intestinal juico of most animals, 
and cane-sugar taken by the iiumtli is rapi.lly converted into 
glucose before absorption.*. TJie ijccossity for this is saen in the fact 
that cfine-sugar, when injected intravenously, is excreted, unchanged, 
in the* urine. ) 

LactasQ is the enzyme specially concerned in conversion of 
lactose into galactose and glucose. It is found in the intestinal 
juico, and occasionally* in the pancreatic s(‘CJ’etion of anin,ial.s. ' It is 
much more abundant in young iniunmals than lA adnllo, but ilie 
production of lactase may be induced by continued ingestion of 
lactose. Lactase is also found in exiracl.s from the kepbir organisms 
(milk-sugar yeast) and in .certain saccharomyc(‘S. It is roinarkablo 
••that it is commonly accompanied by invertaso, but seldom if ever by 
maltase. Its function is similar to maltase and invertaso, dml, like 
•the former, its iiction has been shown to be reversible. J^lsclier 
and Armstrong,® by acliiig upon a mixture of galacto.se' and glucose 
with kephir lactase, obtained a disaccharose, isolactpso, wliic-Ii is very 
closely allied to lactose. A disaccbaro.so was also formed ^vhoii 
glucose, but not galactose, was present. 

Tlffe docompo.sition of raflinoso (melitrioso) into inelibioso and 
fructose is accomplished by the enzyme rujjiuasc. The nieli biuse 
may be further hydrolysed by an enzyme— wdihiase — and yields 
glucose and galactose. Mclibiase may pussildy be identical witli 
maltase. A .similar hydrolysis of a tri.saccharose is met with in 
the conversion of melizitose into gluco.so and the disaccharoso, 
Jtmiranosr, TJjV latter sugar i.s conveiicid into glucose by moans of 
a sex)arute enzyme. 

¥ 

‘ Tmns. Chem. Soc., 1893, 63, G04. 

• Her., 1902 , 35 , 3111 . 
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Ensymcfi indminy hydrolysis of Glucosides, 



Enzyme. 

Sitbbliafc. 

Products. 

Principal Occunenc^X 

0) 1 
tn 

a t 

Aiiiygdalasc' 

Priinasiii 

Glucose + 
d'Hiundclo 

r 

9 


■ 


nitrile 

glucosido 

f Bitter almonds » 

•I Aspergillus niger '' 

Pninaso 

d-Man<lclo 

nitrile 

Glucose + 
d-inaiidolo 
. '' nitrile 

1 Other plants . 


Lota sc 

Lotusin 

Lotoflavin, 
glucose, and 
hydrocyanic <cid 

Lotus arabicus 


M)' rosin 

Sinigriii 

(Pt^tassium 

M^n-oiiato) 

Allylthiocyanalb, 
potassium hydro- 
gen sulphate, . 
glucose 

Cruciferae and other orders 

Gaul the rase* 

Gaultherin 

Methyl salicylate, 

Leaves of Gaultlieria pro- 

(syn. Betubise) 


glucose 

cumbeiis and varieties of 
A/aIca and Spiraea* 

Indigo form out 

Xndicaii 

Indoxyl and 

Indigo plants 

(IndimiiNiii) 


glucose 

it 


Taunaso 

. Tannins 

Gallic and ellagic 
acids, glucoso 

Asi>ergillus niger and galls 

Rhamiiase 

Xantho- 

Rhamiietin, 

Seeds of Persian berry 



rhaninin 

rhamnino.se 


Mryihrozymo 

Itul/crythric 

acid 

Alizarin and 
glucoso 

Madder plant 


Enzymes causing hydrolysis of Glucosides. Amongst tho 
liydrol 3 ^sing enzymes emulsin is by far tho most important and the 
most widely distributed. It luis the j)roperty of hydrolysing not 
only ainygdaliii, as already mentioned, bp.t also a large number of 
other gliicosidos; the most important of wlroh are given in the table 
on p. 41).® 

Ibnulsiii is also able to act ux^on cei'tain synthetical glucosides. It 
will be remembered that by the action of various alcohols mion 
sugars in the x^i’^soiice of hydrochloric acid, Fischer was able to 
prox>aro two series of storeoiso meric glucosides, and that the a-gluco- 
sides are exclusive!)" attacked by maltase whereas the jS-glucosides 
are exclusively attacked by emulsin (p. 40).® 

It has been x>ossiblc from these results to draw conclusions as 
to the configurations of some of the natural sugars and their deri- 
vatives. Maltose ih clearly “to bo regarded as an a-glucoside, for ito 
is hydrolysed by maltase and not by emulsin, whilst the observation 

j» 

^ 111 m:iny cases an enzyme may cause tho hydrolysis of dilTcroiit substances, 
as in tlie case of emulsin, which can bring about tho decomposition of a whole 
Hories of glucosides. In the tables, Iniwcver, only one typical example can be 
gi*en. 

* A more complete list is given in Tiie Simple Carbohydrates aad GlucosideSf by 
K. F. Armstrong, Monographs on Biochemistry, 2iid ed. Longmans, 1912. 

* Fischer, Zeit. physiol. Chem.j 1808, 26, 61. 
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that emulsiij from bitter almonds brings about the liydrolysis of 
lactcjse, and, further, tliat the enzyme lactase from kei)hir acts upon 
p-meihyl glucosides, suggests that lactose is related to the /i-glucosidL4. 

Alkyl glucosides, derived from non-lermo]itable sugars'siich as the 
pentoses and^hei)toses, are unattaeked by both enzymes ([). 41). 

♦It ap*pears at first sight a curious anomaly that ainygxlalin, 


Glucoside, 

*Pfoducts of Hydrolusis, 

Amygdalin 

2 moi. glucose, 1 mol. hydrocynnie arid, 1 mol. 

ucii/aldcliydo 

Mandelo-iiitrile glucoside 

1 mol. glucose, 1 mol. liydrocyanic acid, 1 mol. 

* (PruiiaeiiO 

beiizaldi liydo 

Conflorin 

G mol. glucose, 1 mol. coniforyl alcohol 


OIK 


\ail 3 .CH:CII.Cll.,OU 


CHsQ/ 

Salicin 

1 mol. glucose, l'’moI. saligonin 

4 

/Oil 

CeH/ 

M’ir..ori 

Al’butin '* 

1 mol. glucose, 1 mol. quinol i! 

Glucovnnillin 

1 mol. glucose, 1 mol. vanillin * 


c.Us(on).(00ii3).r<^ 

llelicin 

1 mol. glucose, 1 mol. salicylaldehydo 

Glucovanillic acid 

. 1 mol. glucose, 1 moi. vanillic arid 


lIOv 

\0«Il3.CO,ll 

CII 3 O/ 

Diii)hnin 

1 mol. glucose, 1 mol. dapbiietin 

/Oil :CIl 


3.4.(0H).,.C6H,<; U 


CO 

Aesculin 

1 mol. glucose, 1 mol. aesculi'iiii 

, 

Xll :(3II 

4.5.(011)2CcII,<( I 

\o — 00 

Phloridzin 

1 mol. glucose, 1 mol. i>hloretin (tho phloi'oglu- 

* 

cinol ester of p*liydroxybydratropic arid) 


wliieh from Fischer’s early investigations* was considered to be a 
maltoside, and under the influence of maltaso was converted 
into mandelo-nitrile*glucoside, should at the same time be attacked 
^ by, emulsin like a )3-glucoside. ^ 

It now ajjpears that naltase of yeast and emulsin contain a common 
enzyme, amygdalase, which does not attack /l-glucosides. The other 
enzyme of emulsin, which is occasionally found alone, as in the 
leaves of the cherry laurel, is QsMei^prunase, and liydrcdyses mandelo- 
nitrilc gluco^ide. ^ 

Moreover, the disacebarose of amygdalin is not maltose but a f^ugar 
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l)r(>b€‘ibly reLatod to trehalose. It thus comes about that amygdalase 
first breaks up the amygdalin into d-mandeldnitrilo ghicoside, which 
is then attacked by pruiiase, forming benzaldohyde, hydrogen cyanide, 
and glucose. 

CoH, . CH(CN)0 . C..II,„0, . C,H,iO, 

0„1I,0II(0N)0. C,II„0, + C,II,,0, ■ ■ ' 

-3^ Colls . CHO + IlCN + CoII,,Oo 

The latter glucoside has recently been found in certain plants and is 
named priinasin. Both amygdalin and lu'unasin are raceinised on 
lieating with caustic soda, the former yielding isoamygdalin and the 
latter the natural glucoside, inmlaurasin or d-2-mandelonitrile gluco- 
side, whicli is also formed by the action of amygdalase on isoaniyg- 
dalin. The laovo enantiomoiph of i3runasiii is also found in nature, 
as sambunigrin, in tlie leaA^es of the common elder.' 

Tlio following tal)le, sliglitly modified from that given by E. F. 


Armstrong, “ will make these relations clear: 

• alkali 

^An- vg<laliii Isoamygdalin 


(Amy^i.ilalaso)' 

(Amygdalast;) 

alkali ^ alkali 


Pruiiasiii 

> Prulaurasin -e — 

Sambunigrin 

= (/-in.iiidelonitvilo 

d-Z-ma iidel on i fcri I e 

— Z-inaudelonitrile 

gliieosido 
{ l^riiiinse) 

glucoside 

glucoside 


Bi n/.al(U*i».v«lo, liyclrogen cyanide, 
and glucose 

It is also probable that the hydrolysis of the fructosides and galacto- 
sides is brought about by specific enzymes, ^occurring together with 
the enzymes which act upon the glucose derivatives. 

Until recently omulsin was the only oiizynio known which por* 
duced“ hydrocyanic acid .as a result of its .action, but recently » ther 
‘ cyaiiogenetic ’ euzyjnes h.ave been discovered, -^lotably lotasc )>y 
Diiiisijui and Henry, ^ and gij nocar dniase by Power .and Lees. 

The other enzymes ofi the class under consideration are not of 
such general interest as emulsiii, although the gliicosidcs upon which 
they act are of the most diverse kinds, as will be seen from the 
table. The enzyme which acts upon the glucoside- ‘indican’ is 
of considerable inclustrial import«ance. It was formerly believed 
th.at indigo-while was formed in the i-e.action, but Hazowinkel ^ 
states that the product is indoxyl. Otfier enzymes which apparently 
belong to this class have been described by Schweitzer. They 

T>ot!i these sub^tnI 1 c*os liave been synthesized in active and racemic forms 
by £. Fischer, JScr., 11)17, 50, 1047. 

2 The kiimple Carhi^hydrates, by E. F. Armstrong. I.orgmans, Green, 1912. 

3 Dunstan and Henry, Proc, Roy. Soe., 1901, 67, 22-1 ; 68, 374. 

« Chem. Ztg., 1900, 24, 409. 



HYDROLYSIS OF GLUCOSIDES 


*vv 

briiif? about ^the hydrolysis of siibslaiicos known as 1:olanm and 
caeaonin, the products being dither calleine or thcobroinine together 
witli glucose and a sjiibstance known as kola- rod. 

• » 

Emtjmc^ causing the hydrolysis of l^ofcbts, their derivatives, 


/’/ hinjjid Occmiiwe. 
Taiici u:il ic msl'IvI ion 

..Infoslinal jujeo] 
Gastric secivlion 


Juice of Oarica ra])aya 
Pine a]>i)le fruit 
Intestinal inurosa 

Liver aiul kidney 

Spleen,. thymus, and livoi 
Spleen, thymus, and li\«‘i 

Tr 3 ’^psin and pepsin are the two most iinporlant onzynios con- 
nected with protein hydi'olysis. Their action is in inan>^ respects 
**^similar, and their points of difference are quantitative rather than 
qualitative. 

*' Pejisin is the enzyme chielly concerned in gastric digestion. It is 
secreted by glands in th-o mucous mcinbrane of the stoinacJj, and 
acts best in the presence of liyxlrochloric acid (0-2 per cent,), vvhioli 
is also secreted by special cells in the mucous mojiibrane. Ptspsin, 
under ordinary condifions, causes a rapid hydrolysis of the cojiiplox 
proteins with the formation of proteoses and i>oj)tonos. If* however, 
the digestion is veiy prolonged the latter are to some extent < 1 * 3 - 
composed and the simple amino -acids, such as leucine, tyrosine, &c., 
are formed. 

Trypsin, on the other hand, acts best in an alkaline medium, 
and, although proteiv.ies and peptones are formed as intermediate 
.products, they rapidly undergo further hydrolysis producing 
amino-acids, together with certain polypeptides containing tlireo or 
four amino-acid radicals linktd together (see p. lol). Tryjisin is 
also able to cause the hydrolysis of many of the synthetical j)oly- 
pei>tides referred to on p. 154, fiarticuhirly those obtained from Ibe 

' To understand the nature of the proteins and {iurino hiisns, the student 
should read the two chapter wljicli follow. 


• 

• 

and the Vitrine bases,' 

• 

Knziiwe. 

Substrate. 

Products. 

Trypsin 

Proteins, 

Amino-acids and 


l)roteose.s tind 

simpler poly]H;p- 


peptones, 

'.ides 


polypeptide.* 


[Entoi;f)kinasotf 

'I’rypsi nogen 

Trypsin 

l^psin - 

Proto ins an 1 

( Proteoses 


some albu- 

1 Pop tones 


minoids 

( Amiiio-ncitis 

Papain 

Proteins 

Amino acids 


Proteins 

Amino-acids 

Ercpft.iu 

Proteoses, 

Amino-acids 


peptones 


Arginasc 

Arginine 

Ornithine and 



urea 

Guanase 

(iluaiiiuo 

Xanthine 

Adeii^so 

Adenine 

ITypoxanthino 
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amino-acids of hij^her molecular weight. Thus, leucyl-tyrosine 
yields tyrosine aiid leucine, and the reaction is probably typical of 
most of the changes involved in the hydrolyssis of a complicated 
protein. 


CH,v /CO.3U . , 

>CII.CIl2CH(NH2).CO.NILCIl + 11,0 = * 

CH/ XCUa-CcIl^lOIl) 

Loiicyl-tyrosine. 

CH.J ' 

“NciI.CIIa.CII(NHis)COaH + CeIIi(OIJ),CIIjj.GH(NHji).CO^II 

CU./ 

Louciiie. * Tyrosine. 


The action of trypsin, it should be added, is selective ; for Plscher 
and Abdcrhrtldcui * liave shown that whereas alaiiyl glycine, for 
example, is hydrolysed, glycyl-alanine is not, and of these hydvolys- 
able j-jolyi^eptidi's only certain of the active forms are attacked b/ 
the enzyme, as will be seen from the following table : 


, HtjdioUjsecl. 

<i Al:i.nyl d-a'»uiino 
rf-Alunyl Zdciiciiio 
i-Lcucyl Meuciiie 
i-Loucyl d-glutaniic acid 


Hydrolysed, 
(?"Alanyl Z-nIanii\o 
Z-Aliinyl d-ulaniiio 
d-Lcucyl Meuciiie 
Z-Leiicyl 'Meuciiie 


It is noteworthy that, like the natural sugars, which are fermented 
by yeast, it is only the polypeiitidos composed of the active amino-' 
acids occurring in nature that are acted uiion by trypsin. 

More definite evidence is available as to the successive stages iri 
the elaboration of trypsin than is the case with any other enzyme. 
The production of gramdes, which are believed ultimately to furnish 
trypsin, may be observed in the cells of the pancreas. The pure 
secretion of the pancreas is, however, practic.*lly devoid of action 
upon* proteins; but if it be mixed with a trace of intestinal 
juice a digestive fluid of extraordimiry power is obtained. The 
researches of Pawlow and of Bayliss 'and Starling® have con- 
clusively shown that tlie intestinal mucosa furnishes an enzyme 
euieroJemase which has the property of converting the inactive 
trypsinogen, the precursor or ^zymogen’ of trypsin, present in the 
panci'eatic juice, ii^to the a(;five trypsin. Enterokinase is there&re 
a ‘ ferment of ferments and at present no other similar enzyme is 
known. , 

The secretion of pancreatic juice, and therefore of trypsin, is not 


^ Zril. physiol, Chem., 1905, 46, 52 ; 1907, 51, 204. 

® Bayliss and Starling, Journ, Physiol, 1904, 30, 01 ; 1905, 32, 129. 
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continuous/ biit is regulated by a simple cheniical meclianism 
according to the needs ’ of tlie organism. Bayllss and Starling ' 
have been able to proje that tlie acid in the food passing from the 
stomacli liberates fa definite* cheniical substance, scvrciin; from ilie 
cells of the duodenal mucous membrane, and this, upon absorption, 
^ evokes a |h’ofuse secretion of the pancreas, containing all the enzymes 
normally present. 

Besides trypsin and pepsin many other enzymes are known which 
cause the hydrolysis of proteins. Most animal tissues contain in- 
tracellular proteases, which are also found in nianycplants and 
fruits (papain, broinelin) and' in some bacteria. The ‘carnivorous 
plants ’^are also able to hydrolyse their protein . food by means of 
enzymes. 

A peculiar enzyme has been described by Cohiiheim,^ which is 
said ixr have the property of causing tl>9 hydrolysis of proteoses 
and of peptones, but is without action upon the ordinary prolcdns. 
It occurs in the small intestine, and its action is supiiosed to 
supplement that of “'trypsin, but it has not been very carelully 
studied. 

Arginine is constantly present in ih<i products of hydrolysis oi 
profeins. An enzyme arginase, which occurs principally in the 
liver, is able to decompose arginine into ornitbiiio and urea: 

NH 2 

6 = Nil — > COlNiy, + II,N(ClI,);jCll(NJIJOO,ll 

\h(CIIJ,CII(NIIJCOJI 

Aiginiiie. Uns.a. Ornitliinti. 

Arginase is also able to convert guanidine if»io urea ami 
ammo^ua. It is the only urea-forming eiizyjiie wliicii has so far 
been isolated, but it is very probable that others exist. " 

Many tissues also contain eiizynuss which avo able to rcmov<3 
ammonia from the’ amino acids resulting from proloiii hydrolysis. 
This reaction is of great biological importance, hut it has not yet 
been possible to follow the cliaiigc?s comi)let('ly. 

The question of the (ixistence of enzymes which act upon the 
piirAie bases (see ]>. 110) has recently attra'ctod mucli attention, and at 
least one definite enzyme, guanasc, has been isolated by Joiies,^ wJiich 
is able to convert guanine intc xanthine with loss of ammonia. 

» Journ. Physiol, 1902, 28, 325. 

- Zeil physiol Chum., 1902, :35, 134. 

" Kosscl iind Dakin, Zeit. physiol C'Acwi., 1904, 41, 321, 

^ Zeil physiol. Chem., 1904, 42, 35 and 343. 
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IIN— CO HN— CO 

• ( I * 

nN-C C— Nil +HaO = OC C— NH + NII* •. 

I II ^ 

■ IIX C— •IIN 

Guanine. Xantliino. • 

• • 

In a similar fashion adenine is converted into hypoxantlifiie, 
although it is not quite certain whether this change is due*to the 
same enzyme that acts uporu-guanine or to a specific adenase. ^ 

There is also some ovidenco of the existence of enzymes occurring 
among tlio i:)roducts of hydrolysis of nucleic acids which act upon 
the pyrimidine bases, such as cytosine. 

The i)urino and 'pyj’imidino bases are gilso attackeS by o3tidising 
enzymes accompanying guanaso ahd adenhse, and will be referred to 
under the head of oxidases 

Two important oiizynn*s,' which have not yet been considered, are 
urease and lipase. Urease converts urea into ammonium barbonate. 

Nil, ONII^ « 

do -t = do 

\ \ 

NHjs ONH^ 

Tlio enzymo is found in media in which the micrococcus urcae or 
certain other organisms have grown, and is responsible for the 
animorfiacal fermentation of stale urine. Tlio enzyme I’oadily diffuses 
from the cells ol' the dead organisms, and may be roughly isolated by 
precipitation of tho filtered liquid with' alcohol. The conversion 
of ammonium carbonate into urea — the’ opposite change to that 
brought about by uroase — is known to take' place in the animal 
body. The change may he showm to occur when a ‘ surviving liver ' 
is perfused witli blood containing ammonium carbonate or carbamate, 
but, up to the iiresent, it has not been possible to isolate the enzyme 
or to demonstrate tlie reaction except in the presence of intact liver 
cells. 

Lipase is a widely distributed enzyme, and has the property of 
causing tho hydrolysis of fats and certain doHvatives of fats such 
as lecithin. It is* found in the pancreatic juice, liver, and blood 
of animals, and in most , oily seeds, particularly during germina- 
tion. There appear to be distinct differences between the enzymes 
from different sources. Lipase is not only able to hydrolyse fats, 
bpt also many esters, such as ethyl acetate, ethyl carbonate, ethyl 
salicylate, sale], i!tc. If a di-ester of an asymmel^-ical acid bo 
hydrolysed by lix)ase, the two forms are attacked at unequal rates ; - 

* Cp. Seliitieuliolin, Zeff. phtj'iiol. Chein., 1905, 45, 121 and 152. 

2 Dakin, Journ. of Physiol. , 1903, 30, 253; 1905, 32, 199 ; P/ oc. Chem. 3oc., 1903. 
19, 161. 
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a similar sieleelive hydrolysis has been observ^ad by Fischer in the 
hydrolysis of racemic polypepfides by trypsin. Tlie action of lipase 
has been shown to be ^reversible (see p. 90). 

It has been stilted that iipase may be sei>arated into* two sub- 
stances — a hctfit-stable dialysable substance and an unstable iioii- 
dialiysShble substance. Neither body alone is able to bring about ‘the 
hydrolysis of esters, but the reaction takes place in the i>resonce of 
both substances. Many other facts are known which sui)port the 
idea that enzyme activity in general is due to two or more substances 
acting conjointly, and in some ciises the second substance 6r co-fcnnod 
api^ears to be inorganic (see*p. 86). 

A verv imi)ottant hydrolytic enzyme has been 4-ecently found by 
Dakin and Dudley ' in various tis^ies and secretions of th 9 animal 
body and in smaller quantity in yeast and a few vegetable tissues. 
It has Jrhe property of converting the glyojtals into tho corresi)onding 
optically acijtive lactic acids, and is named ijlijoxalasc. Methyl glyoxal 
gives ordinary lactic acid, whilst pheiiylglyoxal yields. mandelic acid. 

K . 00 . €flO + HjO = K . CHOU . COOII . *, 

It is anwinteresting fact that the pancreas not only contains none 
of the enzyme, but inhibits its action. What the significance of this 
fact Inay be is not,yet explained, but the [u-eseiico of lactic acid as a 
normal constituent of miiacle suggests methyl glyoxal as its pre- 
ursor, which in turn may be derived from a carbohydrate, or 
may represent the first step in the metabolism of amino acids. 
'’4?he following series of roversi))lo changes iuis been deinoiisirated : 

Glycogen 

Glucose 

_ . • it 

» Lactic acid Melhyl gl 3 "oxal Alanine 

'The Oxidisintj Ensymes (Oxidases), 


Bnsytne. 

Suhstrate. 

Pi'odiwt:n 

l^rincipal Bource. 

Alcohol oxidase . 

Alcohol 

j Acetic acid 

Ihu-t. Xvliuuin 


^ Aldehydes 

{ ,Ac''‘taldehydo) 

Tiact. Areti, t'ce. 

Aldehydase 

Acid.s 

Liver 

Tyrosinase 

Tyrosine 

( lIoiin^^oMtisic 

•I^laiitK, o. £?. Dahlia, 



•1 acid, Uiack 
(colouring; matter 

certain fungi 

Laccase 

Urnshic acid % 

Varnish 

Juice of lac-ti'ce 

Xanthine- 

(Xanthine 

Uric acid 

Liver and spleen 

oxidase 

’•1 Hypoxan- 



l thino 


4 

Uricolase 

Uric acid 

Allan toin^ 

Liver 

i9-Oxyl)ut3'rase * 

lij'droxy butyric acid 

Aci'toacetic acid 

Liver * 


^ Journ, Biol. Chnn., 1913, 14, 555; 1913, 15, 155, 423, 'ITiti. 
^ Beitr. chan, p/iys u. path., 1907, 0, 295. 
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The Oxidases. The oxidases are an ill-defined class of enzymes, 
which enable free’ oxygon to effect oxidations which would not other- 
wise take i)lace. Although oxidation must obviojisly play an extremely 
important part in the metabolism of living cells; our knowledge 
of the mechanism of the process is extremely meagre. This is 
l)artly due to the fact that it is only in comparatively few*c^ses 
that the action of an oxidising enzyme has been followed under 
fairly normal conditions. It is well known that many animal 
tissues are able to convert, to some extent, aldehydes into acids, 
a change wnich has been studied with benzaldehyde, salicylaldehyde, 
and formaldehyde; the presence of oxidases is also inferred from 
the fact that the same tissues are able to form indophenol colouring 
matters when they are digested with an alkaline mixture of 
rt-naphthol and alkyl ^?-phenylenodiamiiies. It is, however, ques- 
tionable as to how far ivsulls oI>iained hy reactions of this nature 
are comparable with those effected by the enzymes working under 
normal conditions and acting upon their usual substrates. 

Acetic lermentiition is one of the simplest biochemical oxidations, 
and is readily brought about by haciUns aceti and othe. bacteria. 
The conversion of alcohol into acetic acid by the organism ai^pears 
to take place in stages, as acehildehyde is froque?itly formed. The 
bacillus aceti is not only able to oxidiso alcohol, but can convert 
glucose into gluconic acid, glycol into glycollic acid, and niannitcli- 
into fructose. Another organism, 13. xyliiium, which commonly 
causes acetic formeniatiou is said to be identical with the ‘sorbose 
bacterium " of Bertrand, roforred to on p. JbS. 

The sorbose bacterium, in addition to its action on polyhydric 
alcohols, is able to oxidise many aldeliydes to the corresponding 
acids, and if, as in the case of gluconic acid, a secondary alcohol 
group, capable of attack, is present, the final product of the reaction 
will be a kctonic acid. 


CH.,OII 


Oil 1 

OH- 
II- 


OH- 


-II 
\—H 
-Oil 
-11 


COH 

Glucobe. 


CHnOH 


OH- 


OH — 


— H 


OH- 


-II 


H — h— on 


-II 


coon 

Gluconic acid. 


OH- 

H- 

OII- 


CllgOII 


CO 

—II ^ 
—OH 
-H 


coon 

Oxyglucoilic acid. 


Oxidation in the absence of the living cells has been recently 
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observed by Buclmor- and Meisciilioimer,* who wore able to pr('i>:ue 
an :^tive preiiaratioii from ifie cells of the dead Tliacteria. and there 
can be little doubt ^hat tlie active agents in these changes are 
enzymes, compai?ible in eVery way with tliose that cause alcoliolic 
fermentation* 

•Tyrosinase and laccase are vegetable oxidases which are closely 
allied .and often occur together. Tlie former convents tyrosine 
(a-amino-^-hydroxyphenyl-propionic acid), a common constituent of 
proteins, into a black, insoluble substance, of uiikiiown constitution, 
ibe formation of Avliicli ‘appears to be preceded by tliaf of 5 dihy- 
droxy phenylacetic acid (homogent isic acid). 


tni., . CH(Nll2)COOJI 

I 

/\ 


on.,*, coon 

I 


\/ 

OH 

Tyrosine. ^ 


HO 




2*5 Dilivtlroxyphonylacofic a'^’id 
l^IIoniogi-ntisic r.c'ul). 


This reaction indicates a curious shifting of the position of the para 
hydroxyl group. • It is of interest to note that in certain pathological 
conditions the tyrosine present in ])rotoin food is converted into 
hoinogentisic acid, which is found in the urine. Laccase converts 
unishic acid, contained in the light coloured juice of the lac tree, 
♦into a deep black varnish-like substance of unknown composition. 
Doth tyrosinase aJid laccase are also able to oxidise j)()lyliydric phenols, 
such as pyrogallol and qflinol, but laccase is wit|iout’ action upon 
t^nosine. 

Two distinct oxidatses are known which are concerned in the 
oxidation of substances belonging to the purine group. The first is 
named a'anihine-oxulase, and is able to bring about the oxidation 
of xanthine or liypoxanth^iic to uric acid, wliilst the second eiizynjo 
carries the oxidation of uric acid furlluT, forming products among 
which allantoin has been identified. Xanthine-oxidase occurs alone 
in the spleen, but boUi enzymes are found together in the liver. The 
^existence of enzymes (guanase, adenase) .which convert guanine 

and adenine into hypoxanthine and xantliine hiis aheady been 
mentioned (p. 79), and it is «j;herefore clear that by the combined 
action of these ferments it is possible to convert any of the four 
xanthine bases, commonly occurring in the animal body, into uric 
acid, a fact wjiich is doubtless of groat physiological significance. 

, » Btr., 1903, 36, G34. 
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Nil- CO 
IIN:0 C— NH 


Guiinase 


nN-c— N/' 

Guaiijiio. 


CII 


IIN— CO 


HN-00 

" 1 • ' 

DC C—NH 

IIN - C— 
Xnritliiiic. 


Xaiithine- 

oxicTase 


OC C-NH^ 

I, " 

HN— C— NIl- 


/ 


CO 


•> Uric acid. 

t 

The large pfirt that glucose plays in cell inetaholism long ago 
suggested that enzymes must exist which have the power of oxidising, 
or at least decomposing, the simpler sugars. A number of these 
bodies have been descrilied under the name of ghjcolytic msgmes. 
Unfortunately, the experimental difliciilties connected with this kind 
of investigation (arising from bacterial contamination) are so groat 
that, grave doubts are enteidained as to the oo,yrectness of many of 
the results. Certain iiivestigfitors, such as Stoklassa and^ Czerny, ‘ 
assort that these enzymes are widely distributed ; Cohnheim and 
others are of opinion that their action may bo observed in prepara- 
tions obtained from a certain combination of tissue extracts, whilst 
Claus and Embdon ^ have completely hiiled to confirm any of these ^ 
results. Until, therefore, fui-ther experimental evidence is available, 
it is impossible to come to a definite conclusion, but it is at leasts 
certain that excellent a priori grounds- exist for believing that 
important enzymes of this type actually* occur. 

It has usually been assumed that the colourless products resulting 
from the hydrolysis of indicaii were converted into indigo-blue, 
through the action of a specific oxidase contained in the leaves Af the 
indigo plant ; hut the separate existence of this elizymo has lecently 
been questioned. 

That most vegetable -and animal tissues possess the power of 
causing the decomposition of hydrogen peroxide lias been known for 
a long time. It seems likely that this reaction is duo to a siiecial 
enzyme catalase, which has been roughly isolated in two different 
forms by Loew. Certain oilier oxidases, however, are also able to 
produce the same decomposition. Catalase has usually been classed 
amongst the oxidases, but it is questionable if the enzyme plays 
any part in oxidative processes ; moro probably, its function is to 


1 Centralb.f. Physiol., 18, 793. ® Zeit. physiol 190-1, 42, 401. 

' ® Beitr. s. I'thysivL u.path. Chem., 190’', 0, 214, 
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remove tTic triaces of hydrogen peroxide, which ure con staidly 
forn^d as a by-prodiicf in other oxidations. * 

Many other vegetajde oxidases have boon described, including tlib 
so-calJed ^ i^eroxu^tiscs ' wlii<5li activate lJ3'drogon peroxide ;rnd ] Possibly 
other peroxides, and so induce reactions which the j)eroxido ah)no 
coftlS not accomplish.^ Numerous sjrslems for classifying these 
onzyiiKss have boon proposi'd, but they have at present a limited 
chemical interest, for it is not clear what tv[>e of reaction they 
normally induce nor upon what kind of substances they acL.^ 

Reductases. The proj)eyty which some animal tissues j)OBsess 
of elfeeting cei*tain reductions, such as the conversion of the colouring 
inatto^i^ methylcno Idiio^ into a colourless Iduco-base, has long 
been known ; but it has *not b(*^u jiossiblo to satisfactorily isoLato 
the reducing agent. Rey-Pailhade has shown that certain organisms, 
such as 3 ''oast, are able to convert free sulifliur into hydi-ogen sulphide, 
and this'is believed by some to be caused by a reducing en/yme. 
The conversion of nitrates into nitrites find of nil robenzene. into 
aniline has also been carried out with extracts of animal tissues, 
but the satisfactory isolation of a reducing enzyme lias not yet been 
ac<iomplished. 

Alcoliolic Fermentatiiou. Alcoholic fermentation has boon 
studied more extensively than perhaps any oilier biochemical change, 
and a brief outline of some lew of the earlier investigations has already 
-M been given. 

The nature of the .dcAiomposition of glucose on fermentation, 
wJjich was oi*igiiially repil'sented by the simple cquati()n — 

= 2GJl.O + 2C(K 

has in process of timf> resolved itself into a rend ion of steadily in- 
creasing complexity. For, in addition to the higher alcohols included 
in the term fiusel oil, i^isteur found gl 3 '^cero] and succinic acid to }>o 
the regular accompaniinenl^s of the process. Sinoo then acetic, formic, 
and other acids, together with various aldehydes and cslers, have 
been added (o the list of by-products. 

In the last lew ye.trs new light has penetrated the haze in which 
, tho problem has so long been involved by tho iisie of yeast juice in 
fermentation in place of the living cell. Under these conditions 
neither fusel oil nor succinicVicid is found. TJiis was followed by 
Ehrlich’s discovery^ of the origin of some of the liigher alcohols of 
^ Willstiltier and Stoll, Annaler?, 1918, 416, 21. 

" A revi<*w wui k njjon tlic vegetable oxidases will be found in a * .S.imniel- 
referat" by Bach and Oliordat, Bioc/tem. Cantralbl. i, 10011, Nos. 11 and J2. 

3 Ber.y 1907, 40, 1017. « 
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fusel oil. He has sliowii iliafc certain of the amino-aciils, which 
appear during the 'decomposition of the proteins present in beer^vort 
aiid grape juice, undergo hydrolj'sis in j^i’t^sencjp of the living cells 
and yield alcohols Avith loss of carbon ''dioxide and ammonia, the 
hitter being assimilated and removed. • 

Leucine and isoleucine, both of which represent fragments of the 
protein molecule (j). 135 ), give respectively isoamyl and socondaiy 
butyl carliinol, Avhich form the bulk of the fusel oil fraction — 

(CHjJaCII . CHa . Cll{mL^ . COOH 4 ILp = 

’’ Leiiciuo. , 

(CHJaCH . CII2 . CH^OH + NHjj 4- CO, ^ 

Isoainyl aleoliol. 

• (CHa)(C2lI,)CII . CH(NHJ . COOH + U^O = 

li^olt^ucine. 

(CIl3)(C, 115)011 . C 1 I ,0 1 £ 4- NH3 4- CO, 

Socondary butyl cavbinol. 

Succiniq^ acid has been traced in the same w^y to glutamic acid, 
although the action here is not quite the same. For if the llrst jiart 
of the reaction determines the formation of the alcohol from the 
amino-acid, as shoAvii above, an a-hydroxy-acid and not a dibasic acid 
would bo formed, involving thereby a further process of oxidation to 
complete the change. It has been pointed out that, as yeast contains 
an oxidase as well as a reductase, no difficulty need be felt in ex- 
plaining the second stage of the process. 

The higliei alcohols being thus disposed of, -we have still to account 
for the glycerol >yhich makes its appearance, when yeast juice is 
used, to the extent of 3 to 4 per cent, of the sugar, as well as to 
C'xplain the mechanism of the inincipal change ellbcted during the 
fermentation of the glucose molecule, namely, thc^ conversion ol' the 
latter inlo ethyl alcohol and carbon dioxide. 

Since the discovery of yeast juice, which contains an enzyme or 
enzymes capable of producing fermentation, the latter process has 
been brought within the domain of enzyme actions. But although 
the fermenhitive process has, in a sense, been si nplified by this dis- 
covery, it has at the same time been complicated by the observations 
of Harden and Young,' who showed that yeast juice may by dialysis 
be separated into two substances, an enzyme and a co-enzyme, which 
must act conjointly to bring about fermentation. Harden has further 
shown that the initial stages in the decomposition of the sugar mole- 

‘ Froc. Physiol. i>oc., Kov. 1904, 1-2 ; Jouni. Physiol.^ 1904, 32, 1 ; Proc. Chem.SoG., 
1905,’ 21, 189. 



.87 


ALCOI10L1C FERMENTATION 

cule are detorininecl by the fornititioii of a liexos<* pliospiiato niidor the 
agengj" of an enzj-mo lioxoso plioapliatase, in which two molecules of 
hexose take part acct^-dirig to the equations — 

’* 2 C„lJ ',209 + 2 K..IJr 04 - 

■2COi+ 2C,IIuO + 2H,0 + 0„ll,„O,(P0iR,), 

Harden’s interpretation of this equation is that in the presence of 
phosphate anti of the complicated machinery of en/.yino and co- 
enzyme. two molecules of tho hexose, oi^ possibly of the miolic form, 
are each decomposed primarily into two groups. Of ih^j four grouj)S 
thus produced, two go to form alcohol and carbon dioxide, and the 
other tjvo are aynthesised to a new chain of six egrbon atoms, which 
forms the cjirbohydrate residue of Jbhe hexosephosphate. The intro- 
duction of the phosphoric acid groups may possibly occur before the 
ruptuve of the original molecules and may even l)o the determining 
factor of Jthis rupture ; or, again, this introduction may take place 
during or after the formation of the new carbon chain. * 

If we examine thd formulae of the four natural lioxoses w'hich 
undergo fermentation, using the aldeliyde and ketone structure gfven 
on p. 36, it is clear that one part of tho molecule is reduced at tho 
exp*ense of the other, the latter being thereby oxidised, or, in other 
words, that there is a trarisfcronce of hydrogen in one direction and 
of oxygen in another to form alcohol and carbon dioxide. 

Moreover, seeing that with yeast juice ilie reaction may -|nx>ceed 
‘‘^out of contact with air, and that tho great majority of enzyme re- 
actions are hydrolytic, the natural conclusion — a conclusion adopted 
by I3aeyer ’ and others — iS that this transfereiico ^of hydrogen and 
oxygen takes place either liy the addition and removal of the 
elements of water, or else by some kind of isomeric change, or, 
final 1*% by a combination of the two. 

Duclaiix was tho first to observe the formation of alcohol and 
carbon dioxide from siigai* by the action of alkalis in prewmeo of 
sunlight. The experiment was repeated by Buchner and Meiseii- 
heinier,^ who obtained as much as 2 to 3 per cent, of alcohol. With 
more dilute alkali, however, they found that a diflerent reaction 
, occurred, and*as much as 50 per cent, of the glugose was converted 
into inactive lactic acid together with a small quantity of formic acid, 
whilst about 40 per cent, consisted of a complex mixture of hydroxy- 
acids containing 4 to 6 carbon atoms. Moreover, Buchner and 


1 AlcohMic Fmnmialiony by A. Harden. Longmans. 

* Bar., 1870, 3, 63. , “ Ber,, 1904, 37, 417. ♦ 
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Meisenlieimer found occasionally lactic acid among the products of 
fermentation with yoast j uico, though 'never with living yeast. 

Dnclaiix, who afterwards obtained alcohol and calcium carbonate 
from calcium lactate in sunlight, was led* to rogai*d#lnctic acid as the 
direct, and alcohol and carbon dioxide as indirect, products of dis- 
integration ; and the same view w«as at one time adopted by BuGlvior 
and Meisenlieimer until they and Slator proved by very .careful 
experiments that lactic acid was incapable of fermentation either by 
living yoast or yeast juice. 

Let us iiK^^uire further into the formation of lactic acid. As we 
have seen (p. 13), Lobry de Brujm found ^that dilute alkalis, alkaline 
earths, and a few other metallic oxides convert any oi^e of the three 
sugars, d-glucose, d-mannose, am} d-fruoioso, into a mixture of the 
three, and the change has been ascribed to the intermediate forma- 
tion of an enolic form which, by the addition and subsequent removal 
of a molecule of water, gives (»ne or other of the above thi’«0 siib- 
staiices (p. 44). Here, then, we have an isomeric change from keto 
to enol form in two directions (one in glucose and mannose and 
aiioiJior in fructose) followed by the addition and subsequent removal 
of a molecule of water. Glyceric aldehyde and dihydroxy -acetone 
undergo, as Meisenlieimer found, a similar isomeric change under 
similar conditions. 

That such a reaction is not uncommon is shown by the fact, 
recently discovered by Marsliall, that phenyl desoxy-benzoin breaks 
up spontaneously into benzophenone and benzyl alcohol.^ 

(CMC ' ''(OoH,),CO 

1 , — » j| + 

(C,II,)CO C«H, . C(OH) C„H, . enroll 

The reverse process has been observed by Wohl in the cgse of 
tartaric acid, which can be converted into oxalacetic acid whereby 
isomeric change follows instead of precedes the removal of water. 


COOH 

COOH 

1 

COOH 

1 

cn.oH 

1 

CH 

1 

CH. 

1 

II 

-*• !“■ 

CII.. OH 

C.OH 

CO 

1 

COOH 

j 

COOII 

COOH 


There seems little doubt, therefore, that such a process is a 
reversible one. 


* Trails. Chem. Soc.j 1914, 105, ,627, 
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-A-Pplying'it: to the conversion of glucose into lactic acid, as sug- 
gested^ by Wolii, we shall have* tho following serii^s of changes, all 
ol‘ which are probably^ reversible : * 


• » 


■€rX*iOII.(CHOII)4.ClIO“ 




Di h vd rox v-aceton o. 

CH,Oil.Cd.OILOII -ILO 
CIIoOH . CJIOIl . Clio +'1130 

^ Olycoric aUloliyJe. 


CIL:C(01I).Cil0 

Methyl glyoxal (eiiol lorm). 

• +H 0 O 

, • Cila . CO . Clio ^ CHa . CIIOII^ COOH 
•. -H^Q 

Methyl glyoxal. Lactic acid. 


What evidence is there of the depolymerisation of tlio sugar mole- 
cule into two molecules of gl 5 ^ceric aldehyde (or di hydroxy-acetone) 
and of the intoriiiediabi formation of meiliyl glyoxal ?’ iiio reply to 
the first that glyceric aldehyde and dihy<lroxy-acetono' may '))i3 
condensed to form a hexoso, and it may be confidently assumed that 
under appropriat(3 conditions reversal occurs;^ to the sescond, that 
Levenc and Meyer ^ have proved that leucocytes convert r/-gliicose, 
/Z- mannose, and d-fructose into d-lactic acid, and can also trans- 
form methyl glyoxal into a mixture of inactive and d-lactic acid. 
Jilurtlier, Wohl found that in alkaline solution methyl glyoxal readily 
passes into lactic acid, liic reverse change has been shoyvn to occur 
by Mandol and Lusk,® who found that lactic acid, when jkI ministered 
to diabetic animals. Is converted into gliicosi^, and by Dakin and 
Dudlcjy,^ who found tli^t both methyl glyoxal and ^^]actic acid are 
siniilai'iy transformed into glucose. The rclalioii hotAveon glyceric 
aldehyde and dihydrbxy-acctoiie on tho one hand and metliyl glyoxal 
and lactic acid on the other, Jias been demonstrated by Embden,'^ who 
showed that the two former undergo conversion into lactic acid in 
the liver, and by Meisenheimer, avIio found that thr; sanuj two sub- 
stances are transformed into methyl glyoxal on heating with dilute 
sulphuric acid. * 


^ The supposed isolation of tho Aietliylphenylosaxone of diliydroxy-t'icetoiie 
recently announced by Boyseii Jensen lias been adversely criticized hy Buchner 
and Meisenheimer. A. Feriihach, on the otlmr hand, has oliserved the dis- 
integration of glucose by living schizoinycotos {tyrothrifenius) and its press juico 
into dihydroxy-acetone. 

2 J. Biol. CheinU; 14, M9. » Atner. .7. BhyHi.U, 1000. ij, 129. 

* J. Biol. Cliem.. 1913, 14, 555. ® Biochem. ZttUivh y 101:.*, -1.5 1 * 
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Tlie formation of methyl glyoxal from glucose has been proved in 
various ways. * * ^ 

Nef luis given oxporimental evidence of the formation of methyl 
glyoxal by tho action of caustic soda on 'glucose.^ ' * 

Knoop and Windaus ^ found that when zinc ammonium hydroxide 
acts upon glucose in sunlight at the ordinary temperature a*" largo 
quantity of methyl iminazolo is produced, and the production of this 
substance is readily explained on the assumption of the intermediate 
formation of methyl glyoxal and of formaldehyde. 

CHo CIi. . 

1 ■' I ■ 

CO + NlLj = C NH + SllijO 

■ I +OCH, • |j ■ \cil 

CHO ] NII 3 . CH- 

In presence of acetaldehyde diiuethyliminazole is formed. The 
formation of methyl glyoxal from glucose has also been shown by 
Pinkus,^ who obtained the diphenylhydrazono by acting upon glucose 
in presence of pheiiylhydrazine, and by Dakin and Dudley, by dis- 
tilling a glucose solution with sodium phosphate, when methyl 
glyoxal was found in the distillate. Moreover, Dakin and Dudley 
observed that when a solution of lactic acid is digested at 37° in- 
presonoe of iiitrophenylhydrazine, the nitrophenylosazoiie of methyl 
glyoxal is precipitated, and that, on the other hand, methyl glyoxr? 
yields lactic acid by the aid of glyoxalasc (p. 81). 

Incidentally it may be observed tha*;, as alanine gives methyl 
glyoxal by loss of ammonia, it might be expected to yield glucose, 
and both Lusk and Ringer, as well as Dudley and Dakin, have shown 
that glycosuric animals convert many amino acids into glucose. The 
contrary process — that is, the formation of ketonic aldehydes — may 
therefore represent the first step in the K-ictabolism of amino acids. 

Thus the chain of reversible reactions between glucose and lactic 
acid is nearly complete. The onlj’’ missing links are the direct proof 
of the presence of glyceric aldehyde or dihydroxy-acetoiie and the 
reversibility of the glyceric aldehyde and methyl glyoxal change. 

Assuming, for the sake of argument, that all the above changes 
have been completely demonstiMted ; we have to determine which 
products form the precursors of alcohol in fermentation. The forma- 

^ A7inalc7tj 1904, 335, 2.H, 279. 

» ner., 1905, 38, 1166 ; 1906, 30, 3886 ; 1907, 40, 7^9. 

» Bf7 , 1898, 31, 31. 
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tion of alcohol aiid carbon dioxidu from iiioili}’! j^lyoxal lia^s been 
explai^ied by Dakin and Dudley b^’ supposinu; isoimric ohanuio to 
lake place between tli<| aldeliyde and ketone i»T 0 U[), and to ])o I'ollowi'd^ 
by tJie addition oi *110 eloinehts of water. 

• ’ ‘hllJ) 

(Jll3.CO.CnO->CH3.Cl()II):CO -i CII,.nioOH4 COo 


Thus, methyl glj^oxal rurnishos an important link between glyceric 
aldehyde or dih)^drox 3 ’’-aceiono (which are mutually convertible, like 
glucose and fructose) on the\nie hand and alcohol on the other, the 
only as^JUmption being that methyl glyoxal is capable oF isomeric 
change in two directions after the ihauncr of the hexosos. 


-TT.O 

CK^OH.CHOH.CIIO CII^ : C(OH) . CHO 

C»lycoric aldeliyde Moiliyl glyoxn!, 

(or dihydroxy-ucetoiio), l.st oind ronii. 

+ 11,0 

OHo . CO . CHO CH . . C(OH) : CO CIL. . OIL, Oil h CO^ 

Methyl glyoxjd, Methyl glyoxal, 

koto form. 2iid eiiol form. 

An important question still remains to bo answered. If glyceric 
^sJdehyde or dihydroxy -acetone and methyl glyoxal represent inter- 
mediate stages in the process of fermenhitioii, they should, be attacked 
filike by yeast or yeast juice* Buchner and Meisenheiiiior’ have trit‘il 
the action of yeast and yeast juice upon iluj throo subslaiiees in 
question and found tliat whilst dihy<lroxy-acotone is lapidly fer- 
iiiente(f (though much less ra])idly than glucose) glyceric aldehyd<» 
is fermented slowly, Vhereas methyl glyoxal is not hTinonled at all." 
This o))Servation appears to negative the view that methyl glyoxal is 
the real precursor of alcohol. 


Ber., 1910, 43, 1773. •? 

* nuchiicr and Mt*i*ionheimcr wero led from thesf- oxTit-riiin-nla lo regard 
etiliyflroxy-iicetone and nob glyceric aldehyilo or nn lliyl glyt»xal as llio procur.sor 
of fcriiierilation, and explain the inactivity »if lactic a'-id oblaiuofl from tlio 
former by reason of its symmotrical .structure. Aii*e«iiially satisfactory explana- 
tion might be found in its fonnation from inetliyJ glyoxal. which contains nf> 
a.syinmetric carbon atom. Lebodow’s suggc.stioii that jliliydnixy-acotone first 
undergoes .syntJicsi.s to a liexusophosphate is met by tbe fact that siicli a sugar 
would bo ail inactive mixture, and that only one active form could bo fermented, 
whereas 90 per eant. is transi'orincd. 
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There is, however, another view of fermentation, first f ut forward 
by Schade,' in which lactic acid is made the precursor of a^ohol, 
■breaking up, as it is known to do, with dilu|:o sulphuric acid into 
acetaldehyde and formic acid. 

OIL . CH(OH) . COOH = CII3 . CHO 4 11 . COOII • 

By the action of metallic rhodium on these two products, formic 
acid is converted into hyarogen and carbon dioxide, and Schade 
found that this liberated hydrogen reduces the aldehyde to ethyl 
alcohol, lie suggests, therefoi’e, that ir fermentation acetaldehyde 
and formic acid may appear not necessarily from lacti'" acid, luit from 
some lal)ilo substance yielding these two products. 

Now, Neuberg and his co-workei*s have found that yeast contains 
an enzyme called carboxylase, which splits oh* carbon dioxide from 
tt-ketonic acids. Thus, pyruvic acid breaks up into acetaldehyde and 
carbon dioxide. 

CJ CI-I3 . CO . COOH = CII3 . Clio 4 CO2 

By introducing sodium or calcium sulphite into the fermenting 
solution, the aldehyde can bo isolated as the bisulphite compound to 
the extent of 75 per cent, of the theoretical amount. At the same 
time the glycerol content is increased in the ratio of one molecular 
proportion. The exidanation is that half the methyl glyoxal whicl\ 
is formed i’^oin the sugar is reduced to glycj^rol, whilst the other half 
is oxodised to pyruvic acid which yields acetaldehyde.® 

Clh. : C(OIl J . Clio 4- II. CIL.OII . CIIOH . Cir..OH 

r ‘ ’ ‘ 

CII„ : C(OII) . Clio O CH. . CO . COOII -> CU „ . CHO 

Acid Fermentations. In addition to acetic fermentation, whic.h 
lias already been mentioned, several fermentations are known in 
which substances belonging to the carliohydrate group are converted 
into hydroxy-acids or acids of the acetic series. The production ot 
acids, especially lactic acid, in many fermentative processes was early 
recognized, but it was reserved fur Ihisteur to show the connection 


' Zeit. physili, Clum.. 1900, 57, 1- 
* Neuborg and Kuinfurtli, Bei\, 1919, 52, 1677 
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existing between specific organisms aiulllio production of lactic ni'iiK 
and ^so to prove that the process was quite distifict from alcoholic 
fermentation. The upwer to produce lactic acid from sugars is not 
confined to tho*J5. achli hditki of Pasteur, but is shared by ijiiiio 
a larg-e numl>er of organisms of vsirious kinds, though the relative 
yieids of lactic acid vaiy enormously with dillerent bacteria. The 
reaction is brought about by an enzyme, whicli has been shown 
to be active, even after the cells of the organism have been killed 
by acetone.’ 

Lactic acid may be formed from glucose, fructose, gah.ctose, and at 
least one pentose, rhamimso ; also from mannitol, diilcitol, and 
sorbito^ as w«il as from inositol {hexahydroxj^-hexahydrobeir/ene). 
The manner in which lactic acic^ is produced from sugar, already 
discussed in connection with alcoholic fermentation, is not easy 
to uiTderstand. If the view there put forward is correct, the 
lactic ackl should be inactive, as the asymmetry originally 
present in the sugar molecule is lost. Until recently this was 
commonly assumed lo bo tho case, but Kenzi(» ® lias found that 
most feitnontation lactic acid is distinctly dextro-rotatory. ^Jliis 
result might, liowovor, bo explained on tlie basis of an initial 
formation of inactive lactic acid, followed by a selective conversion 
of a portion of the laevo-acid into other i^roducts. Frankland 
’and MacGregor® have, in fact, shown that such a resohiLion of 
inactive lactic acid may be brought about by some organisms.*' 

Butyric fermentation is associated with separate organisms from 
those that cause lad ic fiu*mentation, but the two classes of bacteria 
are frequently found together. Butyric acid is fio-med from lactic 
acid and also from a largo number of iliose substances wJiich 
readilj yield lactic tieid under the intlneiico of bacteria. Tho 
mechanism of hntj^ric fermentation, which is usually accompanied 
by th(i evolution of liydrogeii, is much more complicated than tJiat 
of acetic or lactic fermeiilattoii. 

Under the iiilluonce of certain other organisms lactic acid may be 
made to yield other saturated acids, such as acidic, proiiionic, and 
valeric acids. Special, organisms are also known wliicli form citric 
.and oxalic acids, when grown in glucose solutions,ibut the clicjuistry 
of these reactions is still oljscure.^ 

€' 

^ Buchner and Meisenhoimor, Bcr., 1903, 36, 034 ; Herzog, ZkU. physiol Chem.^ 
1903, 37, 381. 

•-* Trans. Chem. Soc., 1905, 87, 1373. 

* Trans, Ch(in\ Soc.j ]89d, 03, 1028. 

* A very large amount of work has been devoted to following Ihe biocJn^niical 
changes which tlie lower organisms are able to efleot. KimoIkuvj like those 
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Clotting Ferments. Reference must be made to a curious class 
of enzymes which bring about the clotting of certain substj^nces. 
^riie best known of these are ihromhase, the b^ood clotting ferment, 
rcnnhij wliicli causes the clotting of milk, and which acts upon 

certain complicated carbohydrates occurring in idants. • In the case of 
all of these enzymes it is found that calcium salts play an imiidrlant 
part in the reaction. In the case of thrombase the calciu^n salts 
appear to convert the zjmiogen, or precursor of the enzyme, into 
the active enzyme, just as enterokinase converts trypsinogen into 
trypsin, with the diiT'erenco that enterokinase has itself the proi^oi ties 
of an unstalde enzyme. The calcium stJts may be said to act as a 
‘ co-f(‘rinent Th(^ clotting of blood is a phenomoiion wbdeh has 
hcen closely studied 1)3’^ l)hysiologi(?ts, and. consists in the conversion 
of a coloiirless, globulin-like substance, into a Avhite stringy 
lu'oiein fihrhi. It has been possible to roiigbl^’^ isolate the zymogen 
of the enzyme, and to observo its conversion into active ithrombase 
on addition of calcium s«‘ilts. 

Tiio action of rennin appears to be somewhat dilhu’ent. Rennin 
is c]iiefl3^ d(jrived from the gastric mucosa of mammals, and has 
l)e<in used for a very long time for curdling milk iu the manufacture 
of cheese. The enz3mie is formed from a zymogen by the action 
of the acids of the stomach, and not by the action of calcium salts, 
as in the case of thrombase. The clotting of milk or of a caseinogon 
solution involves two distinct reactions — firstly, the conversion by 
the enzyme of tlie caseinogen into a soluble 2>rotein closel3’^ allied 
to casein, aiul secondly, the conversion of* this substance into an 
insoluble clot by^ihe action of calcium salts. 

If a solution of caseinogen, free from calcium salts, is digested 
with 2)ure rennin no clotting occurs, but if traces of calcium salts 
ai e added, the liquid may be caused to clot even after the enz3mie 
lias been destroyed by boiling.' It is not certain whether the 
reactions brought about by the clotling enz3nues involve simply 
a change in physical condition, or whether some chemical reaction 
takes place as well. 


bnmslit about by the nitrifying bacteria are of the utmost economic importance, 
whilst the .substances protliicctl by the different putrefactive and pathogenic 
bacteria have an important bearing upon ti e causation of disease. Koferenco 
should be made to works on Bacteriology for particulars of these and similar 
topics, which would be beyond the scojie of lliis essay. 

^ To avoid confusion it is important to remembor th;d many continental 
writers employ Hammarstoiii's nomenclature, and term the oritrinal substance 
acted upon by the enzyme * casein * and the product of the action of the enzyme 
^pa.acaseiu *. 
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Anti'ZSnzyiues. Mention must he mado of this interostinsv class 
of sul^taiices. tho existence of fcliich has only recently boon detinilely 
established. Tlie antj enzymos are of inipoitaiice since ilioy form* 
a connecting link? between the toxins and onzynu‘s. It is well known 
that if an animal is injected with small but gradually increasing 
qunVtities of the poisonous toxins, extracted from the colls of an 
organis^i, fciich as thiiL which causes tetanus, tho animal rapidly 
acquires a degree of immunity, which in some cases is very great. It 
is found that this immunity is due to the* production of th'llnito sub- 
stances, which may be found in llie blood, ami which hav,'^ tin' ]>()wi*r 
of combining with tho toxin, and so preventing its fiirtluT action. 
These bodies aitfi known as anti-toxins, and are of the greatest imi)or- 
lance in pathology. In a similar ^ way it is found that injection 
of certain enzymes into an animal is followed by tho appoaraiico 
in the* blood of substances which are aljo to inhibit the reaction 
noi*mally Ijrought about by the enzyme. For example, it is found 
that blood-serum containing anti-pepsin has a i)owerfijl action in 
itindering or almost Ailiroly proveiiting ilic action of pejxsin u]>on 
proteins. • Some of these anfhhodirs are of great impoj’taiico; for 
their presence in the blood exjdains tho resistance of prob^in con- 
tainfng tissues of j,lio body to tho protein digesting eiizynujs of tlie 
alimentary tract. 

• So far it has been possible to o))tain anti-bodies for tlie fo]lt»wing 
enzymes ; trypsin, i)epsin, ]ij»nse, emulsin, urease, lactase, tyrosinase, 
-•Jirombaso, and roiiiiin. These an li-))odies are essentially specific - 
that is, iliey only inhibit, the action of the particular enzyme use<l in 
tlieir preparation. TJie ‘hfck and key’ simile of Fisclior inigiit be 
ap])lied to the enzymes and anti bodies as wtdl as to tlie enzyimjs 
and their substrates. «It laas been jiossible to distinguislj enzymes 
such Jfs animal and vegetable reimiii' wJiich aro otherwi.s(3 indis- 
tinguishable, owing to iJie fact that their rc.s])ective anti-bodies were 
not interchangeable, and this biological nu^tliod of investigation will 
no doubt be of service in the future. 


Mechanism of Enzyme Action.''^ It lias alreaily been ))ointed out 
that, according* to the law of mass action apjdied to unimolecular, 
fionheversible changes, the following equation liofds (Part 1, 2>- 277): 


ft = ^log -i*-. 

t a-x 


* Morgonrotli^ d. Balder. ^ 26 319; 27, 72J. 

* For the kinetics of enzyme action see Chemical Statics and Dynamics^ p. 3.53, 

by J. W. Mellor. (Longmans.) * 
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Wilholiiiy,^ in his classical investigation which aj^eared in 1850, 
showed that thd' inversion of cane-sugar by acids follows tli^ mass 
law. t 

The process is re])resented by the following ^equation, which is 
apparently bimolecular : 

^i2^2a^ii H 2 O =• O0Hi2^c "*■ 

Cane-sugar. Glucose. Fructose. 

But if the solution is dilute the amount of w'aler is practically 
constant, apd the reaction may tliereforo be treated as monoinolecular 
and it is also non-re versi bio. * 

By observing tho change of rotation on the addition of a minute 
quantity of hydrochloric acid the following numbers were obtained : 


t 

ill niiiiuios. 

Dovijitioii. 

CoiicGntriition 
por cent. 

log a — log (a — ac). 

k. 

0 

-M0.75“ 

6.5.15 



15 

43.75 

62 45 

.0204 

.00136 

30 

41.00 

69.70 

. .0399 

.00133 

45 

3<S.25 

6r».95 

.0605 

.00134 

60 

35.75 

M4Ty 

.0799 

,,.001.33 

75 

33.25 

61.95 

.1003 

.00134 

90 

30.76 

49.45 

.1217 

.00135 

105 

28-25 

4695 

.1111 

.00137 

120 

20.00 

44.70 

.1655 

.00137 

00 

-18.70 





Tho. velocity (7c) is constant, or, in other words, with a decreasing 
quantity of cane-sugar there is a proportionate dt^croase in tli»- 
qiiantity inyortod in unit of time, and the^curve represented by the 
values of t and x is logarithmic. 

Other acids give similar results, although the rate of inversion 
varies with diilerent acids. As the rate of ipversion appears to he 
directly proportioiiiil to the electrical conductivity of the acids in 
question, the process has been ascribed to the action of hydrogen 
ions, though it does not seem probable that the velocity of enzyme 
action is conditioned by the presence of ions. 

The hydrolysis of cane-sugar by invertaso was first submitted to 
quantitative examination by O’Sullivan and Tompson® in 1890. 
Using the optical method of Wilhelmy, they found that the velocity 
(7c) increases slightly until 80 per cent, of the sugar had been hydro- 
lysed and then decreases. Nevertheless, they drew the general 
conclusion that, in spite of these small deviations, the reaction 
follows the mass law. The subject was reinvestigated in 1902 by 

* Pogg. .4 mm., 1850, 81, 413, 499 ; Ostwald’s Klassikerj No. 29. 

* Tratis. Chem. Soc., 1890, 57, 834. 
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A. J. Brown,’ wlio found iliatj:lie velocity is not a .constnnt, but iliat 
a givt^ii quantity of Jiivertaso docompost'S a noarly constant Wi'iglit oli 
sugar in unit of^igie.^ Thus, in one hour, using ditfcrcnt stniigllis 
of sugar solution, the followhig quantities Wino inverted: 


Grains i)er 100 o, 
4.89 
9.8.5 
19 91 
f29.9G 
40.02 


Grams inverted. 
I 200 
1 

1 a.-ir) 

1 . 2:55 
1 nvr. 


This is contraiy to tlie nia^js Law, according to which^tho greater 
the concentration the greafer should be the quantity inverted. Jt 
was fiiither observed that, after a certain piopoftioii of sugar Jiad 
boon inverted, the linear pGriod (o»^ equal weights in equal. tiin<*s) is 
succeeded by a logarithmic period (or a decreasing qiiantil}'^ in equal 
tiinesj. Tin's obango of velocity accompaifying tlu^ inversion of catu*- 
sugar in tRe earlier and later stages of the proce ss was also obsorveil 
by A. J. Brown" duriyg the fermentation of sugai by yeast; by 
li. 'r. Brown and Glondinning* in the action of diastase 0*^1 starch, 
and by E. F. Armstrong ' during the liydrolysis of milk-sugar liy the 
enzymes, lactase and emulsiii, and of maltose by inaltase. Jn each 
case tliere was a finoar followed by a logarithmic period. During 
the logarithmic period tlie velocity is not neco.s.^'arily conslant, 
but, as in the case of milk-sugar, there is a fall, and in that of 
j3ano-sugar, when hydrol^'sed liy inveriase/’’ a rise in velocity- const ant, 


as seen in the following tabh^ : 

• 

Hydrolysis of Cane-sitgar. • 

j Nijfh ul ysis of il/ /'M*- .s utfar. 

MiniUes, 

] ’'ditri fy-<:ons(unt. 

[fours. • 

Kc/of ily const anf. 

CO 

0-6o008 

1 

0-00 lo 

108 

04 

2 

r>l:i 


72 

3 

joo 

488 

77 

5 

310 

090 

85 

m 

24 

129 


This difference in velocity lia.s been explained in coi tfiiri ca.sos as 
due to the liberation of some substance whicli eitlier activat<js tlio 
enzyme (autocatalysis) or produces the opposite eJlect (negative 
autocatalysis).* In the hydrolysis of inohdijs l>y tiypsin, for example, 
tho*amino acids set free reduce the activity of tlu'*eiizyme, which is 
more intense in the presence ^of a small quantity of hydroxyl ions. 
What is the reason of the slowing down of the process in the 
second period? It cannot bo thfit the mass law is untrue, and tlie 


^ Trans. Ghsm. Soc., 1902, 81, 373. * Tmns. C.kcm. .S'oo., 1892, 6], 3G9. 

s Trmis. Chem. Soc., 1902, 81, 388. Proc. Hoy. Noc., 1901, 73, 500. • 

® The Nature (^f Enzyme Action^ i>. 74, by W. iNl. liayli.'i.s. 
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cuiise must l )0 hioked for elsewhorc. A. J. Brown -suggested that 
^he su])staiicG undergoing change unites with the enzyme prevmus to 
decomi)0.sition, afUu* wliicli the enzyme is liLerated, and can unite 
with mojo substance, and so fortli. That such a union is probable 
lias beou shown by O’Sullivan and Tomiisoii, who found that in- 
vfM-tasc survives a much higher temperature when cane-sugar is 
present than wlien absent ; by Bayliss, who found that trypsin is 
much more stable in presence of its substrate ; and by the observa- 
tions of Fischer and others on the selective action of enzymes. This 
lu'ocess may bo initiated by adsorption, as suggested by Bayliss (see 
p. (>()). If the amount of enzyme is large and the process of combina- 
tion inslaulaneous, or very rapid in comparison with the subjoipient 
rate of Jiytlrolysis. tJie velocity iji] would still be constant. Tlio only 
change in the effect would lie that the substance and enzyme would 
)»e changing logelluu* instead of the substance alone. If, however, 
lh(j amount of enzyme is small compared with that of tlie substfiiice, 
only a portion of the substance, namidy tJuit in union with the 
C‘i»zym(‘, would change, and, until the substance had diminished 
lielow a certain amount, equal quantities would imdovgo nydrolysis 
ill equal times. Both A. J. Brown and B. F. Armstrong have 
shown that the curve becomes logarithmic oi linear according 
to the pro})ortion of oiizynio present. Another possible cause 
atVocting the mass law, also suggested by A. .1. Brown, might 
be due to the accumulation of the products of hydrolysis which by 
imioii witb the enzyme would withdraw it from its s 2 >hero of action. 
This view lias received corroboration from ihe fact that invortase and 
try[)sin are much more stable in presence of the jwoducts of their 
a(‘tion, and the recent researches of E. F. Armstrong,^ who has shown 
that the action of the enzyme is only retarded by the 2>reio*^nce of 
those Iiexosos which are derived from the hydrclysis of the disaccha- 
rose or gluco.si(le luulergoing change. 

Galactose, for instance, retards the ’liydrolysis of ^-galactosides 
(e. g. milk-sugar) by lactase, whilst glucose and fructose are inert. 
The previous exiieriments of Ilenri- also appear to show that the 
retarding action of invertase on cane-sugar ' is determined by the 
nature of tlie iwoduct, for of the two, glucose and fructose, the latter 
alone retards the process. On the other hand, fructose retards the 
action of maltase on maltose more than glucose, and the latter does 
not ai)parently aifect the action of eniulsin on )3-glucosides, wliiJst 


Proc. Jioy. Soc., 1904 , 73 , 51 (>. 
Compt. rend., 1901 , 133 , 891 . 
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gjiLictose retards the action of nialtase on a-glucosidos, though not as 
muc*i as glucose. ^ ^ 

Filially, tlie procejA of reversion must 1 k» considered as a cause of 
retardation in enzyme action. The suggestion was iirst. made hy 
Cuoft Hill’ when studying the hydrolysis of maltose by maltase. 
Hff found that not only the addition of glucose retards the process, 
but that maltase has tlie power of converting glucose into tlio isomeric 
disaccharoses, namcl}^ revertose and projmbly maltose (i>. 72). 

The various factoi-s allecting the rate of enzyme action have been 
tabulated by Bayliss as folloivs : * 


l\cUtnlati<m 
IvoviTS’^ility. * 

< ‘omhiiKilion of ciizj’ine with p^odiicU. 
Nij^'ativo jintocatjilysis. 

Destruction or change in the enzyme. 


Aa-i'h'ration. 

Oombiiintion tlu' enzyme and Mih- 
sl rate. 

Positive autooatalysis. 


Reversibility of Enzyme Action. The reversi]>ility of enzyme 
action has been proved in other cases. Eininerling “• has sliown that 
amygdaliii is formed *when yeast niaUasi‘ is added to a £R)1 uUoj^ of 
glucose jfiid inandolonitrile glucosido (p. 75), and Ivastlc and Loeven- 
hart’’ have ohiainod ethyl buly rate by the action of lipase on ethyl 
alcohol and l)uty>ic acid, that is, by the enzyme which produces the 
two latter products by Jiydrolysis. 

The same <mzyme, which also hydrolyses fats, can oilect the 
synthesis of biit 3 uin and mono- and tri-oleins fnnn glycerol and Uit 
' fait}" acids, ^ wJiilst van 'i Iloir‘* and Bayliss*' have obtained glycerol 
/V-glucoside b}^ the actidli of cinulsiii on a mixture of glycerol and 
glucose, and J^our<juelot au<l Bridel and otlier co-workers’ liavo [»re- 
pared a whole series of crystalline a- ainl /V-alkyJ glucosides, using 
nialtfi^e and einul.sin and a variety of alcohols. Indications havfj also 
been obtained that /rylisin, pepsin, and oropsin can in oduco proteins 
from the same amino acids which iliey form ])y li^nlrolysis.'^ 

These facts would fit iii^very well with the idea of tlio catalytic 
action of the enzyme in a reversible process, .seeing that the equili 
briuni-poiiit is usiuilly unchanged by dilferiJiit concentrations of 
enzy'me or by; enz^unv-s obtained from different prep.arations. 

» There are certain facts, however, which aj^peiA* to ho opposed to 
this view. That the equilibrium-i>oint sliould be dillerentin the case 
of enzymes from that produced by mineral acids may be exx^lained by 

1 Trans. Clam. Soc., 1898, 73, C34. * Bar., 1901, 34, .3810. 

' Atncr. Chem. J., 1900, 24. 491. * ILinriot, CYmipt. rvn'L, 1901, 132, 212. 

® Sits. Ber. A* Frmss. Ahad., 1910, 48, 9C3. ® Joiirn. PhysiU , 1913. 46. 236. 

’ An 7 U Chim. Fhys., 1913, 28, 145; Joxmx. Fliaxm., 1914, 10, 3C1 ; CumjA. r^nd.^ 
1917, 164, 443, 521, S31 ; 1W8, 168, 2.j3, 1016. 

* Abderlialden, Cham. Zantr., 1915, i, 899 ; Taylor, J. Biol. Chtm., 1907, 3, 87. 



100 FEKMpTATION AND ENZYME ACTION 

the dilTeront mechanism of enzyme action in which the.enzyme, being 
gk colloid, is in a dilferent i^haso from that of the substrate, and acts 
prolialdy, in tlie first instance, by adsorptiom The statement laid 
down by Hudson,^ tliat the hydrolysis of sucroso by invertase is 
complete and apparently n on-reversible, merely implies that the 
balance has been pushed to a limit in one direction, and is not 
necessai'ily opposed to the theory of catalytic action. But there are 
more difficult problems reqiiiring solution. 

Yeast extract (wliich contains maltaso) acting on glucose is said to 
produce, in addition to small (piantities of maltose, mainly isomaltose, 
which is a /^-glucoside and can only bo hydrolysed by einulsiii or bj’’ 
ordinary brewers’ >east (p. 72). Similar results have' been obtained 
in the sy.n thesis of isolactoso by the action of kej)hir lactase on a 
mixture of glucose and galactose (p. 73). Moreover, Roseiithaler'^ 
claims to have sej)ai*ated from cmulsln at h'ast two enzymes, of 
whicli only one hydi’olyses maiideloiiitrile whilst the other s>nithesisos 
it as well. 

jBayl iso proposes by way of explanation that in the synthesis of 
isomaltoso, wliich is formed with maltose, the former may be pro- 
duced by the action of oiniilsin, which is now known to be present in 
brewers’ yeast or possildy, as Fajaii suggests, tlio same enzyme may 
act so as to produce both isomers but at diireront rates.* This is 
certainly true of lipaso, wliich, as Dakin has shown, liydrolyses both 
esters of enantioinorphous acids, but witli diffiireiit velocities (see 
p. 81), so that, unless the hydrolysis is complete, an excess of one 
enantiomorph will be decomposed and au active acid produced. 

In regard to Eosoiithalor’s results, Bayliss considers that the experi- 
mental evidimce needs verilicaiion. 

It follows from what has been staled that the same enzyr^iB may 
manifest a different activity according to wheth'^r it attacks one or 
other grou)) of atoms in the substrate. On the other hand, the view 
that the dillereiico in sxiecilic action is always traceable to separate 
enzymes, though alfording a siiiiide way out of an immediate difficulty, 
may ultimately produce problems of an oven more involved kind and 
possibly moie difficult of interpretation. Baylfiss is inclined to the 
view that the iiotic^n of speciQc action has been pushed too £ir,iaiid 
that there may be, in addition to keys fitting special locks, ‘ master- 
keys ’ as well, which, like lipase, cjin ieact with both active forms but 
at different rates. If such is the case, the problem can best be solved 

1 J. Amer. Chein. Soc.j 1914, 36, 1571. 

2 Biochem Zeitsch., 1908, 14, 238 ; 1909, 17, 267. 

s Homy and Auld, Proc. Hoy. Soc., 1905, 76 B, 668. 

• Zeit. physik, Chan., 1910, 73, 25. 
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• f 

by the study of the dynamics of enzyme action, when it may he found 
that various so-call«t si:)eci(ic enzymes may merGly*"imply degrees of 
hydrolytic or synthetic activity, determined by the nature of the 
enzyme and its AiVironmont. 
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CHAPTER Til 


THE PUKINE GROUP 

Historical. The history' of the group of compounds which forms 
the subject .pf the present cliapter has its origin in those curious 
pathological concretions which are found in the human body, as chalk- 
stones and urinary calculi. The composition of these sul^stances 
attracted the attejition of the ejjjidy physicians and chemists, who 
speculated freely on their origin without discovering much about 
their chemical nature. It, is curious to find that Paracelsus regarded 
them as having a similar oi igin to the lees of wine, and ni\nied them 
tartar} The discovery in urinaiy calculi of uric acid, or as it was 
then termed litlih acidj is due to Scheelo, w'irj isolated the acid in 
17i)(5 and observed Jit the same time the red colour whic^' it gives 
on evaporation wuih nitric acid. Prout® afterwards noticed that 
ammonia changes the colour to vioh‘t, forming miirexidey a reaction 
which is still used as a delicate tost for the acid. In 1798 Pearson 
found uric acid in the deposit which sometimes forms in the tissues- 
of persons suffering from gout, and since then its occurrence has been 
observed in many dilFeroiii parts of the body. It is found in variable* 
amount in the urine of most animals, and constitutes the bulk of the 
excreta of birds and reptiles. It is an interesting fact that the white 
colour on the wings of butterflies, known as White Pierklae, is due to 
uric acid. 

Decomposition Products of Uric Acid. °ln 179t3 Fourcroy 
observed the formation of urea when chlorine water acts upon uric 
acid ; a little later Brugnatelli obtained a crystalline compound, now 
known as alloxan, by the action of nitric acid ; its elementary composi- 
tion,” C 5 II 4 N 4 O 3 , was determined in 1834 by Liebig and Mitscherlich. 
But the first serious contribution to our knowledge of uric acid is 
contained in a renllirkabh} monioir by Wohler and Liebig,^ entitled 
‘Untersuchungen fiber die Natur der llarnstiure’, which was published 

o 

^ Treatise on CJiemisfnj, bv Roscoo and Sehorleinmer, vol. iii, part ii, p. 331. 

• Phil. Trans., 1818, p. 420. 

• The modern formulae are used. 

• A7inalen. 1838 , 20 , 241 . 
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• I * * 

in 1888 , and still serves as a model of scientilic acumen and exjuMi' 

mentjjl skill. Thejj showed how uric acid l)y roivdutod oxiduiicm 
could he converted ii^to a series of siibslaneos of diininishing com-» 
ploxiiy. Thus, by direct oxidation they obtained the three compounds, 
aUimtom C4lI^;N40;,, alloxan C^H^NoO^, and pamlmnw acid C.^llo^\03. 
Frcin alloxan they prepared by reduction alloxaniin, 0..,lT,,NjO.s, and 
(Ualnricji 'id, 04114^^04 ; by the action of ammonium sulpliih^ Ihion- 
urie acidj C4H5N3SO,;, and from the latter, l)y boilinj? with dilute 
mineral acids, unmil, C4lI.-,N;.03 . To this collection of what may bo 
termed the fragments of tiie uric acid molecuh>, SchUejH*r^ ai'terwards 
added several new coinpoiyifls. As alloxan was found to und<*rgo 
hydrolysis into^mesoxalic acid and urea, CcrhaiMlt suggestc'd that i<s 
forjimla should be represented as nic^soxalyl urea. Rut apart from this, 
little was known about the constitution of these various derivatives 
until the years 18()3 and 1864 , when Rae^jer,'"' in a series of masterly 
researches^, placed the whole subject in a clear light, and so i)repared 
the way for the subsequent discovery of the structure and synthesis 
of uric acid and of th* Allied xanthine bases. 

Withoiit entering into detail, the manner in which Raeyer arrifod 
at some of his results may be briefly indicated. Dialuric acid, 
obtifined by reducing alloxan, is converted, on heating, into hijduriVw 
acid, which may bo regarded jisan anhydride of alloxan and bar)>ituric 
acid (see below). With nitrous acid, hydurilic acid is )>artly converted 
into violuric acid, and with nitric acid into dilitiiric acid. Both i/ioluric 
• acid and dilituric acid, on reduction, form urainil, and Avith bromine 
they yield the same ip'oduct, which Baeyer first terjned alloxan 
bromide, but aftei’AA^ards ifltered to dibromo-harhiturir acid. In the 
first case an isonitroso grou]), in the socomi a nitro grou]> and a 
hydrogen atom are tjxchanged for two broiiiiin» atoms. Dibromo- 
barbituric acid on reduction forms barbituric acid. Now, since 
barbituric acid is decomposed Avith potasli into urea and malonic 
acid, it is probably inaloii}*! uro;i, a vioAv Avliicli Avas afterwards con- 
firmed by Grimaux,'* Avho symthesised it by^ heating together malonic 
acid, urea, and phosphorus oxychloride : 


OC 


Barbituric acid. 

’ Annahn, 1815, 56, 1. 

^Annahn, 1803, 127, 1, 199; 1864, 130, 129; 131, 291. 
s* B%dl, Soc. Chim., 1876, 31, 146. 


• HOOC 




Nir CO 


HOOC'^ 


> 0 H, 


\- 




Nil CO 
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Giieyer represented the relation in which the compounds, referred 
to above, stand barbituric acid by the followii^i^ formulae : ^ 


NH CO 

OC/ \CH.0H 

Hcrdo 

Diiiluric acid. 


NIT CO 
0Ck(^~^^00 

Nirdo 

Alloxan. 


' .NII CO 
OC<^ ^ 0 :N 0 H 
NTT'dO c‘ 

Viol uric acid. 


Nil CO 

OC<^ .^OH.NOj 
NH“d0 

Dililiiric acid.# 


^ NH CO NIl^O 

0 C<^ ""NoH.NHj Oc/ NoBr* 
mr go ' • NHw 

Urainil. Dibrolhobarbii}»,a-io acid. 


The constitution of tliioniivic acid is determined by its formation 
from alloxan and ammonivim sulphite and its conversion into uramil. 


NH CO 


Nil CO 


/ 

ilii CO 

Alloxan. 


GO + NH 4 HSO 3 



NH, 

lOJI 


iirco 

Tliionuric acid. 

NH CO 

OC<(^ ^CH.NHsi 

Nirco 

Uramil. 


The structuro of parabanic acid is derived from its resolution into 
urea and oxalic a^id, and its subsequent synthesis by Grimaux from 
these two substances with the aid of phosj)horu 5 oxychloride. 


NH CO 


oc/ 

mre^ 


tio- 


Parabanic acid. 


Hydantoin, or glycolyl-urea, which is formed,, by the reduction of 
allaiitoiii, was synthesised by the action of ammonia oh bromacetyl- 
urea by Baeyer, who thus prepared the first sj^iithetical ureide. 


^NH— CO 

Brumacetyl urea. 


NH CO 

<<□ 
NU OHjs 

Hydontoiu. 
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Baeyer divides tlie above compounds into two classes, the parabaii 
serie^ and the allo:^n series.’ * *• 

ParahanSories. AUoxan Series. 


Parabanic acid 
^Oxalyl-urea) 
Oxaliiric acid 

llydantoin 
(Glycolyl-urea') 
Alhintui'io acid 
(Glyoxyl-uroa) 


Alloxan 

( Mosoxji ly I - urea) 
Dinluric acid 
(T;i rtroiiyl-urea) 
Barbituric acid 
(Ma lony l-urca)i 
DibroiiiO’barbituvic acid 


Viol uric acid 
Diliturii* acid 
Tliioiuiric acid 
Urainil 


In addition to the above, there is a series of diureides, which 
may bo*i*ej?arded as combinations of two inolocules of certain of iho 
above compounds. The exact nature of this iiiiioii is not deliiiilely 
known in every case. 


Diuroide. 

Constituent molecules. 

Allnnt<ifn 

• • 

lly duuioin + U ri'ii 

2 

Hydurilic acid 

c 

Alloxan + Barbituric 
acid 

Alloxantin 

! 

1 

1 Alloxan + Hbil uric acid 

1 

Mnroxide'* 

! 

Alloxantin -f Ammonia 

Violanlin 

Violnric acid + Dilituric 
• acid 


Probable formula. 


NII.J OC ^NII • 

o^<\ I 

Nil Oil Nil 

NH C O 

Oc/ \(J1I— 11C<^ "^00 

NTi~CO CO Nil 

NIT CO H0.gJ_NIT 

Oc/ \ccr)ll) .0.0^ ^CO 

Nir CO • CO Nil 

NH CO , ' CO Nil 

OC<^ \c -N C<^ yCO 
NTFC.ONJI, CO Nil 


Structure of Uric Acid. As uric acid is found to l>roak up on 
oxidation into ecpial molecules of alloxan and urea according to the 
equation ; ^ 

+ O + II.,0 = 04lI,Na04 + COtNH,).^ 

* Uric acid. Alloxan. Urea. 

it would appear to be a compotjnd of alloxan and urea, in which the 

two components are united with the loss of two hydroxyl groups. 

* For the special properties of the individual coinjwunds a book of rfilcrenco 
must be consult^. 

^ Conrad, Annaletij 1907, 356, 24 ; Biltz and Hamburger, Ber., 19JC, 40, ; 

1919 52 1298 

s Mohlau, Bcr., 1904, 37, 2b£C ; Piloly and Finckh, Amiahn^ PJOj, :)33, p. 22. 
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If the oxidation is carried out with neutral or alkaline pertnanganate, 
or with lead pero&'ide, the reaction takes a difrere^:t course and «llan- 
toin is formed. Allanloiii is a diureide, whosf structure is known 
from its diiect synthesis from glyoxalic acid and ufoU.^ 

H,N 

00 00 NH 

i I >00 

HN OH— NH 

Allanioiu. 

Tlie prosenco of four imino groui>s in uric acid agrees with the 
exisLi iice of a totrahiotliyl uric acid, obtained l)y the direct methylation 
of nri<i acid, from wliich all tlie hilrogeir can be removed as mothyl- 
amiiio on heating with sti ong hydrochloric acid. These facts have 
foil lid oxiiression in two ^formulae for uric acid, one xiroposed by 
Fillig" in his text-book, and the other by Mediciis:® • 


IIN 


Nil 

HN- 

• 00 

OCv^ 

00 

00 

i 

00 

i 

0 — NH 


c- 


1 

o 

o 

UN 

Nil 

HN- 

C-— NH 

Fittig' 

s formula. 

Mudlcus’ formula. 


Fittig’s formula represents a symmetrical arrangemont of two 
condensed p 3 Timidine nuclei, that of Mcdiciis contains a fusetb 
pyrimidine* and iminazole ring. r 

A clear imlica^oii of the correctness of IMedicus' formula as opposed 
to that of Fittig was afforded by Fischer’s* discovery of a second 
monometliyluric acid, in addition to the one previously described 
by Ilill,® both of which are formed siraultaiiopusly by treafing the 
lead salt of uric acid with methyl iodide. Since one of these com- 
pounds gives, on oxidation, methyl alloxan and urea, and the other, 
by similar treatment, alloxan and methyl urea, the formula of uric 


* Grini.iux, Ann. Chim Fhys., 1877 (5\ 11, 389. ^ 

It has been shown that allantoin is not a direct product of*the oxidation of 
uric acid. It is proHiblo that hotii of the ring systems in uric acid are br>kei] 
on oxiilatioii and that the allautoin is formed as the result of complicated 
iiiiramolecular changes. This observation iliniinishes the value of the evidence 
afforded by tho formation of allantoin. Although allantoin contains an asyiii- 
motric carbon atom, the natural product obtained from dogs' urine is inactive. 
Tliis has been shown to arise from isomoric change in which tlio hydrogen atom 
attached to the asyinnictric carbon wanders to tlie neighbouring oxj’geii. Dakin, 
Amer. Chem. J., 1910, 44, 48. i 

“ Gruiidriss der organischen Cliemie, ® Annalen, 1875, 175, 236. 

* Ber., 1884, 17. 1777. » Ilir , 1876, 0, 370, 1090. 
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acid must be represented by the fusion of an alloxan and a urea 
nucl^is, so as to an unlymmetrical groupiifg as proposed by 

Modieiis. Accord in.^.to Fit tiff's formula onl}^ one monomethyl uric 
acid should exist. * The subsequent preparation of all the (hoorelically 
possible methyluric acids as well as the various syntheses of uric 
acij, to which reference will presently bo made, have in every 6aso 
confirn\evl the original formula assigned by Medicus, which is now 
universally accepted. 


ITomeiiclature. Fischer has shown that the same atomic frame- 
work is present in uric acid •ami the numerous xaiilhiiie bases and 
denotes tlie relative position of the atoms by the niunhers 1 to 
If the*%iir additional hydrogen atoms necessary to satisfy the 
valencies of the carbon and nitrogen atoms be added, tlie struclure 
of the parent substance of the series is obtained, a coinpouiid which 
has been prepared by Fischer and named purine (jjurunb uriciim). 
This subsfaiice will be referred to later (p. 123j. 


1 6 
N CII 

I I 7 

2 lie oC— NIU 


i! II 

.N-G— N 
3 4 9 




CHS 


Purine, 


• Uric acid and the xantliiuo bases may be regarded as subslitiilod 
purines. As an illustr*iJ:ion of the above system of nomenclature, 
uric acid will appear as 2^. 6 . 8-trioxypiirino, whilst xlinthine and 
adenine (p. 123) are 2 . G-dioxyx)uriiie and 0-aniinopurine ri*s]>ec- 
tively. • 

HN— CO . HN -CO N C . Nllg 

OC C— NIK OC C-NTT IIC C- Nil 

I 11 yCO r II ^X'lT 

HN— C— NH/ HN-C— N C— 


Uric acid Xaiithiiuj A«lcniiio 

(2.0.8-trioxypurino). ^ (2. 0-dioxypurino). (C-arniiiopuriiio). 

• 

• ITracil and its Derivatives. Before discussing the synthesis of 
uric acid reference must be made to a group of uroides which, like 
those already mentioned, apjieitr to j)lay an interesting role in animal 
metabolism.^ The name uracil was given by Behrend to the 
simplest member of this special group. 

' Burian haa rt-cently demonstrated the formation of uracil derivatives fj^m 
purine bases, when the latter are treated with strong sulphuric acid in the 
presence of sugar. 
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HN— GO 
00 OH 

I II 

HN GH 

Uracil. 


Tliongh the compound itself has only recently heen pi’epared, 
several of its derivatives have long been known and were isolated by 
Kossel and his pupils froiti the products of hydrolysis of nucleic 
acids (p. 1C^5). Among these are thymine (5-methyl-uracil and 
cytosim (6-amino-uracil). • , 


HN.-CO 
00 CI.CHa 

I II . 

iiN on 

I’hymiuo. 


N-=O.NIR 

^ 1 I 

OG CH 

I II 

IIN— CH 

Cytosine. 


I'hese substances may bo regarded as oxy-derfvatives of the parent 
ring compound, pyrimidine. 


N==01I 

I I 

HO on 

iH 


i 


Pyrimidine. 


Uracil itself was first prepared by Fischeiwand Roeder® by heating 
urea and acrylic acid to 210”, and the prSduct, hydrouracil, was then 
brominatod. ‘When treated with pyridine, bromohydrouracil loses 
hydrogen bromide and gives uracil. • 


H,N CO.,H 
00 I- CH 


HN— CO HN— GO 

I I 

00 OHg • 00 CHBr 


HjjN OH, 


HN-Cir, HN-OHj 

llydrouruuil. Bromohydrouracil. 


HN— 00 N-=C . Ofi 

*11 II 

00 OH .HO.C on 

I II ' II II 

HN-OH N-OH 

Uracil. 


^^The niimbei’inj; of the atoms in uracil derivatives follows the order adopted 
in The case of uric acid. ® Per., *1901, 34, 3753. 
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A more cohveiiient method of obtiiining it is described by Wlieelor 
and iiiddle,^ and co^ists in condonsing thiourea wifli sodium formy^j 
acetic ester and thei\pxchanging the sulphur for oxygen by means 
of chloi’acetic acuf, which foVms uracil and ihiogl^^collic acid. 

H.N ail,0 . CO HN-CO IIISI -CO 

> ^ i i I II 

so . ClI -> sc CII OC CTI + CIT..S1I . COOH 

1 li ^ I il I II 

IlaN NaOOH IIK— cn II N CII 

Uracil. 'riiiiijjlyciillic iH-iil. 

Both thymine and cylosiiie*have also been synthesised, tlu? f<u*mov 
by Behi'end frojn a methyl acrylic acid by a series of reactions similar 
to thojfi^iised ill Fischer's synthesis^of uracil, and both thymine and 
cytosine by Wheeler and Johnson,'^ who by an important moditica- 
tion of Fischer’s and Belircnd’s method^ have added a very largo 
number of new meinliers to the list of pyrimidine derivativt's. 

In place of uroa they substitute an alkyl «//-thiourea or thiourea, 
which are much more^ reactive, and replace acrylic acid aiui its de- 
rivatives J^y a variety of ahlohydic ami kotonic esters, in short, t)y 
comjiounds which in presence of alkali can function in the tauto- 
meric form as hydroxy- or othoxy-acrylic esters. 

The following may be taken as a typical examjde of the method : 

^ Ethyl ^-thiourea and sodium forniylacolic ester condense in aqueous 
solution with the formation of 2-ethylmercapto-(>-oxy[)yrimidiue, 
^which, on the one liand, by boiling with hydrobromic aci<l, breaks ui> 
into ethyl mercai)tan and^ uracil, and, on tho other, when fn^ated witli 
phosphorus pentad ilori do yields a chlorine derivative. By the action 
of alcoholic ammonia on the latter the chlorine is* replaced by the 
£imino group, and, on^liydrolysis with hydrobromic acid as before, 
merca^can is reJiiovod and cytosine is formed. 

1I,N c6,o,ii5 

I I 

0.11.8.0 + OH -> 

II II ' 

Nil OlI.ONa 

Ethyl ^-thiourea. Sf^liuin 

• forniyliiectic ester. 

N=CC1 C . Nllg 

PCL IV I H.O I I 

CjjH^S.O OH -» 00 OH 

.. I II 

N— OH 


II N - OO 11 N CO 

I I Ji,o I I 

► 00 OH 


0^,11 jS.O Oil 


N— on 


/ 


11 N— Oil 

IJ nil’ll. 


^ Amer, Chem. J., 1908. 40. 547. 


im~0H 

Cytosine, 
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In precifioly the same way acetoacetic ester gives 4-m6thyl- uracil ; 
formylpropionic* fester gives 5-meihyl-uracil (tl^mine), and methyl 
acetoacetic ester forms dimethyl-uracil, and #.‘ach of these in turn 
may be converted into IJie corresponding cytosine “derivative. Car- 
boxyl derivatives have also been prepared by l•eplacing the hydroxy- 
acj'ylic ester by etlioxylmethylene malonic ester and formyl suciinic 
ester. The pyiimidino compounds obtained in this way are veiy 
loactivc ; the hydrogen atoms attached to carbon 4 and 5 atoms 
may be replaced by bromine, tliat of carbon 5 by a nitro group ; the 
mercaptol group in the original condensation product may be rei>laced 
by aromatic basic radicals, the chlorine of carbon atom 6 by amino 
groups, and isoth isocyanate radicals, the hydrogen of* the NH groups 
1 and by benzyl and other alk^l and acid radicals, by the action of 
alkyl and acyl halide in presence of alkali. It will be rofidily under- 
stood how great a variety.of pyrimidine derivatives may be obtained 
by coml)ining these reactions, which arc too numerous te record in 
detail in this volume.^ 

• Synthesis of Uric Acid. Horh(Wsicws7ci*s 8t/nfJfcsis. In 1868 
Streckrjr “ found that uric acid could be hydrolysed at high tempera- 
tures with the production of ammonia, carbon dioxide, and glyc;ocoll. 
llorbaczewski “ some years later applied the fact to the s3mthesis of 
uric acid, which he effected by heating urea with glycocoll or cyan- 
acetic.acid. The yield, however, is extremely small, and the reactions 
are so complex that the synthesis throws little light upon the 
structure of uric acid, and from this point of view is of no value. 
Horbaezewski showed later that a sonic\idnit better result is obtained 
by heating the afmide of trichlorolactic acid with urea. The reaction 
may be represen hid as follows: 

HoN CONHg UN— CO • 

^11 I I - +NII,01 

OC + CIIOII-fH,N. 00 C-NII +21IC1 

I I ^ >C0 -1 II >C0 + H20 

ILjN CCI3 IIN— C— NH 

Belirend and Itoosen^s Synthesis, Another synthesis was accom- 
plished a little later by Behrend and Roosen, which^ though much 
Jess direct than*the preceding, conveys more information aboitt 

the striictui'e of the compound in question. Behrend and Roosen ^ 

• 

^ A list of researches on pyriniidiiio compounds is f;iven in the Amer, Chem, J., 
1908, 40, 250 ; but t\ large number of papers liave appeared in the same journal 
since that date by Wheeler, Johnson, Johns, and their collaboratoi'S. 

* Annalen^ 18C8, 146, 142. • 

» Ber., 1882, 15, 2678 ; Motmtsh., 1885, 6, 356 ; 1887, 8, 201, 584. 

Ber.f 1888, 21, 999 ; 4»ma/en, 1888, 251, 235. , 
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showed ih^i' isodiahiric acid iindevproes coiidcnsiition with urea, in ilie 
preseilce of istrong sWphuric acid, to form uric acid** 



II \ -CO 

: 1 

U OC 0- Nil 

CO- I il \C0-\-2JL,0 
1I>N II N 0-NII 


Tlie preparation of isodialurie aciil is a long and 1*4)111 ]>lic;itod 
process. The starting-point Jff 4-inethyl-iiracil, which rosull s from 
the sapcniifi cation of tlie condensation product ^obtained by the 
interaction of acetoacetic ester and 41 rea. The methyl-uracil is lirst 
trejited with nitric acid, a process which not only iutrodiicos a nitro 
group, but at the same time oxidises the mgtliyl to a caiboxyl grouj). 
The acid tj/us formed readily loses carbon dioxide on boiling with 
water, and changes into 5-nitro-uraciL This nitro dorivativo, on 
reduction with tin anok •liydrochloric acid, yields botli 5-ami 140-uracil 
and S-liydiii)xyuracil (isoliarbituric acid), and the latter substance, o*n 
oxidation with bromine water, forms isodialuric acid. 


UN CO KN CO UN CO 

I I ! I I I 

00 CH 00 C.NO. -* 00 O.NO. 

I .1 II! i II 

im— o.oTi. HR— 0. 00.11 iiN-oii 

'*0 — • 

1 raoil. ^o-Nitro-uraci 1. 0-i\ itro-uriwii I, 

4>Oarl)uxylic aciiL. • 

HN-— CO UN— CO 

.■I II 

-> 00 C.OH OC C.OII 

i! • ' II 

HN CH ITN— C.UH 

O-Ilydroxy uracil -1 . 5-l)ihy«lroxyurticil 

Jbob.'irbi Lurie acid). (isoilialuric acid). 

• 

f 

• E»Fischcr 8 St/nlhesis. The starting-point of Fis'feher’s synthesis* 
is pseuduuric acid, the compound which many years before Liebig ami 
Wohler^ attempted in vain to pt-epare with the object of converting 
it into uric acid. Baeyer and Schlieper ^ were more successful, and 

^ Bar., 1 ^ 7 , 30 , 559 . » Ammlea^ 1838 , 26 , 241 . 

» Annahn, 1803 , 127 , 3 . 
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obtained it in the form of the potassium salt by boiling uramil with 
solution of potassium cyanate, from which pseiPdouric acid \vd& then 
liberated. ^ 

Hint CO HN— CO 

11 II 

OC on . Nil., + KONO = OC CII . Nil . CO . Nil K 

I 1 ' II 

UN -CO • UN -CO 

IJj-ainil. Potassium pMeudourato. 


Pseiidouric acid differs in (^imposition from uric acid ])y one 
molecule of water, but the early attempts io romovo this molecule 
of water and convert pseiidouric into uric acid, failed. In Fischer’s 
hands the operation was not only successful, but the process has 
served with little modification for the synthesis of other members 
of tho purine group. The method which ‘Eischer adopted was to 
Ubil pscudouric acid with hydrochloric acid. 


IfN— CO IliV -CO 

OC-CU.NII.CO = oi 0— Nil +H„0 

! I 1 Ml >co 

UN— CO NUa IIN-C NU 

Poeudouric .ncid. Uric 4icid. 


The synthesis involves tho preparation of uramil, which, as we 
have seen, may bo o])taiued from barbituric acid througli violKric acid 
and also from alloxan tlirough ihionuric acid (p. 104). But the 
])i‘odiictiou of barbituric acid necessitates that of maloiiic acid, whilst 
alloxan is derived from barbituric acid or from uric acid itself. 
Thus, tho synthesis depends in tho first instance on tho in*oduction 
of malonic acid. 

Tlie above synthetic method has been successfidly applied by 
Fischer to tho pVoduction of various alkyl derivatives of uric^acKl 
and, indirectly, to that of many of the xanthine bases, such as 
theobromino, theophylline, caffeine,* &c. For examxile, mono- and 
di-alkyluric acids have been prepared from mono- and di-alkyl 
alloxans, which are converted into the corresponding uramils, 
[iseudouric and uric acids. Thus, dimethyl alloxan yields 1 . 3- 
diiiiethvluric acid. • 
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CH 3 N— CO . 

•I I 

OC CO - 

I U ' 

CH 3 N -CO 

Din'^th^l alloxan. 


CH 3 N— CP 

I I I 

\00 OHNH., 

1 -I 

CHaN-CO 


CII:,N— CH) 


ClI-iN— CO 
1 ■ 1 

ot! cii . Nn . CO 

' I i 

CH ,N— CO NJI 2 


-> OC C— NJI 

1 ';! >CO 

CiraN-C-Nll 

1 . JUJiniHthylurh; acid. 

Moreover, it is possible to introduce Ji methyl group into position 
7 by using methylamine sulphite in place ol' ainmoiiiuiii sulphite. 
1 . 3 . 7 -Triniethyluric acid (hydroxycaffein^) may be synthesised I’rom 
dimotliyl alloxan in this way: 


CII., N— GO 

■ I 1 

00 CO 


CII.»N— GO 




CUN— CO 

1 I 

. OC CII.NIICH 3 - 

CII3N— CO CH3N— CO 

CH.N— CO 

I I 

^ 00 Cl£N(Ctl 3 ).C 0 .NHsj 

CH3N - CO CII3N— C— NH 

I ^ . 7-TrimctliyIuric acid. 


CHaN - CO 
CIIaN-CO 


OC c-Nqiia 

I !| >co 


IK Traubi^s St/nf/iesis, Another synthetic nietfiod for ilie i>rG- 
paratioii of uiic acid is^ described by W. Traiibe.^ In this case the 
starting*poiiit is cither cyaiiacetic acid or its ester. Cyanacelic acid 
and urea in presence of phosi>horus oxychloride form cyaiiacotyl 
urea, ^ 

NH,, . CO . NH . CO . C1I.^CN 

Oy.iiiacetyl uroa. 

which by the action of alkalis is converted into 'I -ami no 2 . 6 -dioxy- 
pyrimidine. • 

NH— GO N -C.Olf 

II. II 

CO Clio »r IIO.C CH 
NHl— C:NI1 N— C. NHj, 

4- Amino-2 . G-dioxypyriinidino. 


» 7»r., 1900, 33, 1371. 3035. 

I • 
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Il4 

Nitrous acid then,repLicos the hydrogen of the methylene group by 
im isonitroso group, and the latter, on reduct^6ii with ammc/nium 
suli)hide, is converted into an amino group, yielding the following 
compound : 

Nil— CO 

I I ■ 

CO C.NH, 

I II 

NH— C.NHij 

4 . 5-Diainiiio-2 . 6-dioxy pyrimidine. 


By the action of jhloroformic ester a urethane is produce J., which 
forms a sodium salt. 


NII-CO 

I I 

CO C.NNaCOOCoH, 

I II 

Nil— O.NU 2 

When the sodium salt is heated, alcohol is eliminated and sodium 
urate is formed. 


NH— CO 

I I 

CO C— NNa 


I II >00 

NH— C— Nil 


A similar method has been applied to the synthesis of xanthine, 
guanine, and similar compounds, to which reference is itiado on 
p. 124. 

The Alhylnric Acids. In addition to the methyluric acids which 
may be prepared by Fischer’s synthetic method already described, 
a number of these compounds have been obtained by the direct 
motliylation of uric acid. The process is carried out! by heating the 
load or silver salt with methyl iodide, or, more conveniently, by 
shaking up uric acid with methyl iodide or methyl sulphate * in the 
presence of dilute caustic soda. The positions which the methyl 
groups assume depend to some extent upon the method of methyla- 


^ Billz and Damm, AnnaJLm, 101 C, 413, 1S6. 
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tion a|j(l the tciiiperj^ture employed. The following •nK^thyliuie acids 
have been obtained by'.Jhe direct inetliylation of uric acitl ‘ : 

3-Mctliyluric acid. * 1 . 3-Dimetli\*liiric acid. 1.3. 7-Triincthylunc acid. 
9-Metliyluric acid. 3 . 9-DiiiiethyIuric acid. 3 . 7. 9-Triiut5l hylnric .icid. 

^ 7. 9-Diiiioihyluric acid. 1 3.7. 9-Ti‘traniotliylijrin .aciil. 

By the* inetliylation of alkyluric acids of known constitution, pre- 
pared synthetically by Fischer’s methoilf it has beiui possible to 
jirepare some additional methyl uric acids. In some cases a proco.ss of 
demethykition has been successfully emiiloyed. For e.\am[»le, if totra« 
mcihjduric acid — the product of the complete inethylation of uric 
acid — be'iieatod with iihosphorus oxychloride, the ^nothyl group in 
liosition 9 is dot ached, and at the same time the oxygen atom in posi- 
tion 8 is replaced by chlorine. 

ClIaN CO Cl -CO 0 1 l.N -00 

OC C-NCH 3 OC C -XOTI. OC C— •NCIT, 

I II ■ >00 I !j ^cui I II >00 • 

CHaN— 0— NOHs CII:,lf - C -N OlIjN— C— NH 


The 1 . 8 . 7-trimothy]-8-chhm)2inrine produced in this way can be 
converted into 1.3. 7-triinethyluric acid by alkalis, or may be used 
directlj^ for other syntlK'ses (cj). synthesis of caffeine, ji. 121). 

•An additional method of preparation of methyl uric acid consists 
in the re<luclion of the liydroxynnetliylene derivatives of .uric acid, 
which are produced by the •I'dioii of formaldehyde upo'n alkaline 
urates. For examiile, 7-metliyluric acid is formed by the reduction 
of the compound i)i*odiv.'.ed by the interaction of lormaldohyd*.* and 
uric acid^ : 


nx— CO 

I I 

00 c--Nir 

I II >00 

HN— 0— KH 


IIN CO 

I 1 


GC C-N.CILOH 

I ii >co 

TIN— C— Nil 


ITN CO 

I I 

-> OC c -N.cn, 

I i! >co 

IIN— 0 -Nil 


*It was supposed that, in addition to the four isomeric niono- 
methyluric acids, obtained by tjje reiilacemeiit of each of the four 
hydrogen atoms of the imino groups in uric acid, two other moiuj- 


^ Referenoo to tlie nietliod of preparation .ind .structtiro of all the metliylurio 
iicid.s will be found in Fi-seber’s pnper, Rer., 1899, 32, 101. • 

* Chemisches Centralllutt^ 1900, •, j). 270. 
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methyluric acidsi existed, in both which the methyl group is 
^‘attached to nitrogen in position 3, making in/Zll three 3-nietfiyluric 
acids. They were known resijeclively as the*a,- and f-methyluric 
acids. I’he a- and £-acids are prepared by the direct methylation of 
uric acid, the former by the usual method of alkylation, the lattFsr by 
jiielhylaiion in the p]*esence of acetic acid. S-Methyliirie acid^ was 
obtained ])y v. Loeben ^ from 3-methyl isodial uric acid by 'a similar 
metliod to that c?m ployed by Behi-end and Rooseii in their synthesis 
of uric acid (p. 1 10). 

UN— CO . IIN— CO 

I « I I I 4' 

OC con II,N , 00 C— Nil 

I i| + 'CO - I il >00 
CIIjN -COIT IL^N CII.N— C— NH 

‘^Mothyli»iodJalui'ic acul. o-Methyhiric acid. 

According to Biltz and Heyn® the a- and,^-acids are mixtures con- 
tain ingj in addition to the 3-jicid, 25 and 10 per cent, respectively of 
9-methyluric acid, v. Loeben’s S-Jicid being the pure 3-methyl- 
uric acid. 

Isomerism is found in tlie case of tetrainetliyluric acid and 
methoxy caffeine. The first is obtained by the action of methyl 
iodide on 1.3. 7-trimethyluric acid in presence of an alkali, tne 
second by its action on the silver salt of the acid, whilst both com- 
pounds are produced by the direct methylation of ^-methyluric acidi 

W. Wisliconus and Korher® have shown that methoxycaffeine 
passes on heathig into tetramethyluric acid, a change which tliey 
represent as follows : 

CH N— CO CH ,N -CO 

■| I T I 

00 0— NOIT, -» OC 0— NCII., 

I 11 >00011* ' 1 11 >00 

CII:,N - C— N CII.N— C— NCH;. 

The Structure of the Xanthine Bases. One of the most 
notable develop oents in tho history of the purine compounds belongs 
to the year 1881, when Emil Fischer * pu))lislied his investigation on 
caffeine, theobromine, xanthine, and guanine, a memoir which still 
ranks as one of the many brilliant achievements of this distinguished 

I v. Loobeii, Annakn, 1897, 298, 181. * AnnaUn, 1916, 413, 98. 

» Ber., 1902. 36, 1991. 

« Ber., 1881, 14. 637, 1905 ; 1882, 15, 29 ; AmaVn, 1882, 215, 253. 
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chemist. Xanthine is mainly a product of the animal organism ami 
occui^ combined ip some nitcleic acids, though Jit has also been 
detected in plant seedlings; theobromine is a constituent of cocoiu 
beans (theohroma y^acao) ; caffeine occurs in small quantities in tea 
and coffee ; and guanine is associated with uric acid in guano and is 
a c<pisiituent of certain nucleic acids. Although of widely diffei;ont 
origin, the close chemical relationship existing betwoon them and 
uric acid had long been suspected. The composition and properties 
of xanthine and guanine are intimately related to those of uric 
acid. 

Uric^Acid G5II4N4O3 

Xanthine C5H4N4O2 

Guanine •C^H^NflO 

Stenhouse^ observed a reaction with caffeine which closely re- 
seni])led the muroxide test, whilst Streck(‘r “ succeeded in converting 
guanine into xanthine by the action of iiifrous acid. In a subsequent 
l>aper Strecker ^ explained the relationship of caffeine, theobromine, 
and xant’iine by representing cafPeino as iri methyl xanthine aRd 
theobromine as dimethyl xanthine. Though uiisuccessfiil in mothy- 
latiirg xanthine, he so far confirmod his views as to convert theo* 
luumine into caffeine by the action of methyl iodide upon the silver 
ijalt. So much was known wlien Fischer * began his investigations. 
Ills first attack was directed against the caffeine molecule, which, as 
•he anticipated, yielded more readily than the other compounds to the 
disintegrating aci ion of reagents. , 

Caffeine, CjjHKjNiOg, oii^oxidatioii with chloi-ino water breaks up 
into equal molocnlos of dijneihylalloxan and mononielliyluroa, and 
thus nine of Iho ton Jiydrogeii atoms ai o i>ieM}nt as midhyl groups. 
With chlorine and bromine caffeine yirlds a monochloro- and mono* 
bromo-subsiitiition product. By the action of ah-oliolic ammonia on 
the latter, the halogen is exchanged for an amino gnu i|» ; witli alcoholic 
lH)tasli, for an ethoxyl group. Tlie latter, on warming with dilute 
h3^(lrochluric acid, yields hydroxy caffeine, which has since been 
identified as 1 . 3 . T-trimeib^luric acid, llydroxycafieine forms an 
additive compound with two atoms of bromine, jdoMing a dil>romo- 
liydroxycaffeiiie, in wliich the bromine can bo rej)]acf*d }jy two 
ethoxyl groups by means of alcohol. 'J^Jie folbnving fiirmiilae 
indicate the relation of the above series of compounds: 


1 Annalen, 18^3. 45, 360; 40. 227. 
AunaUn, 1861, 118, 170. 


‘ AnnWm, 1850, 108, 141. 
* Annith-,i, iss-j, 215, 253. 
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• 

Caffeine CH,(NCH,)A^' 

Chlorocaffeine C5CI(NCH3)304N 

Aiiiinocaireiiie C,(]SriI,)(N0n3)30,N 

Hyd roxycaffei rie C5(0H)(NCri3)302*N 

Dibromohydroxycaffeine C5(OH)(N0H3)30.2NBr2 
Diethoxyhydroxycaffeiiie C3(0Ii)(NCIl3)302N(0C2H.-)2 

As ilie coiisiitiitiori of caffeine has been recently established by 
a simple and direct synthesis, and received in consequence a slightly 
different hiierpretatioii from the one originally attached to it by 
Fischer, the nature of the degradation products of the caffeine 
inolecnlo, upon which the structure formerly dejfvjnded, <l'as lost 
something of its interest and value. The subject will therefore 
be treated quite shortly. 

Tlie decomposition of 'jaffeino into dimothylalloxan and methyl 
urea indicates an atomic framework similar to that of - uric acid. 
It also determines the positions of two giethyl groups and one 
oxyg<‘n *atom, and there is probably a double bond. Positions 
have therefore to be assigned to the third methyl ^rouj), one 
oxygen and one hydrogen atom. When diethoxy hj^droxy-caffeine 
is boiled with hydrochloric acid it breaks oup into methyl- 
amino, alcohol, and apocaffeine. Boiled vjith watoj*, apocalfeine is in 
turn resolved into carbon dioxide and caffuric acid, and finally, 
caffuric acid can be hydrolysed into mesoxalic acid, methylamine, 
and methyl urea. By the action of hydrogen iodide on caffuric acid," 
hijdrocaffuric acid is formed, which breaks up, on boiling with baryta, 
into jnel.liylamii},o, carbon dioxide, and^metliylhydantoin. Metliyl- 
hydaiitoin contains the following atomic skeleton: 

- C -N(CIl3) 

! >00 

— 0- -N 

By the action of hydrochloric acid on diothoxyhydroxycaffoine, in 
addition to apocalfeine, hypocadJ'eine is formed, which is decomposed 
by bases into caffoVmc and carbon dioxide. A^caffoline is converted 
on oxidation in^o dimethyloxamide, it probably possesses the 
following formula ; 

HO.HC -NCII3 

i ' >00 

CH3 . IIN . C=N 

Assuming mothylhydantoin and caffoline to r^apresent the 
in? inazole nucleus, an assumption which is justified by the relative 
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positions o£ the methylamino groups, Pischor represented cuffeinc 
and lij'droxycaft'ein^by the folkiwiug formulae: . 


CH^Nt OH 


OC C— NOH, 

I I >o6 

• 0H3N-C-=N 

Caffeine. 


CH.,N-C. 0 H 

‘1 II 

OC C--NCH3 

I I >00 

CII-jN C--:N 

Ilydvoxycalfoino. 


The subsequent discovery that hydroxycaffoiiie was idoiiiical with 
trimethyluric acid, and yielded by further meihylation witli methyl 
iodide aijid potufcsh, tetrainethyluric acid, led to the adoption of the 
formula proposed by Modicus, foritjs clear that telraincthyl uric acid 
could not be derived from a substance possossing the foriuura origin- 
ally assigned by Fischer. 


611, N— CO 

■ I I . 

OC C-NCH, 

I II ^Cii 

CII;,N - C- N 

CattVilie. 


CII.,N- CO 

■ I I 

OC C--NCH., 

I II )o6 

CII 3 N-C -Nil 

Trimethyluric acid. 


Fischer observed that xanthine, on oxidation with potassium 
chlorate and hydrochloric acid, wfis converted into alloxan and urea, 
•■.vhilst, on heating xanthine with hydruchlo]*ic acid at 190' , it was 
ri'solved into glycocoll, ammonia, and carbon dioxide. Both of iheso 
reactions clearly establish<«d the close relation existing between 
xaniliiiie and uric acid, and the further observation ^hai theobromino 
was formed by the action of molliyl iodide upon ilio lead salt of 
xanthine established its connection with theobromine and cailbine. 

The constitution of theobromine is deduced from its conversion 
into calfoine on ineihylatit^, and by ilio fact that it yields methyl- 
alloxan and methyliirea upon oxidation ; furtlior, that bromotheo- 
bromine is converted witJi potash into hydroxyihooln-omine, which 
has been identifi<id as 3 . 7-dimethyluric acid. 

Strocker’s elirlier discovery, that guanine can be transformed by 
'nitrous acid into xantliino on the one hand and oxidised to guanidine 
on the other, determined the structure of guanine as an amino 
xanthine. The accepted formulae of these compounds are those 
originally assigned to them by Medicus.’ 


‘ Annalevif 1875, 175, 230. 
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IIN— CO 

! I ^ 

00 C -NEf 

I II >CH 

HN-C— N 

Xanthine. 


HN--CO 


CH 


00 0— NCH. 

>CH 


I II >01 

.,N-C— N • 


Theobromine. 


HN— CO 
HK'=C nh' 

' j II ; 

IN— 0— N 


'^CH 


HI 


Guanine. 


The above are not the only xanthine derivatives which occur in 
nature. Since Fisclier’s jiaper appeared new methyl xanthines have 
been brought to light. T^e following table contains a list of these 
compounds, their sources and their structure. Those which occur in 
urine are {Ji*obably derived from the breaking down of caffeine. 


Natural Xanthine Bases, 


Name, 

*■ .. 

Synonym, 

Occui'rence, 

X.iiiihiiic 


Animal tissues 

1 Methylxuntliiiie 

— 

Urine 

7-MotliylxantliinG 

Hrtteroxanthino 

Urine 

1 . .S Dimetljylxauthiiio 

Thoopliylline * 
Paraxaiitliiiio 

, Tea 

1 .«7-l)iiiiGthylxjiiiililiio 

Urine 

S. 7'Dimothylxanlhiiie 

Theohrimilno 

Cocorf- 

1 . 0 . 7-Trinnetliylxuiitliiiio 

Oulleiiie 

Tea, coUce, kola, i^c. 


In addition to the above, ht/po.vanthine and almnine^ though not 
strictly xanthine derivatives, may be re'ierrod to as accompanying 
guanine and xanthine in the products of hydrolysis of nucleic acids. 
I^hey are closely related to one anoilier, for adenine is converted int9 
hyiioxanthiiie by the action of nitrous acid. llypoxantliine is 
G-oxypurine". and adenine, the corresponding amino-derivative. 


I 

HO C- NH 

II ll ' OH 

N-0--N 

Adenine. 


IIN - CO 
HO 0 -Nil 

!l II ' oi-i 

N -C-N 

ilypoxiinthiiie. 


Synthesis of the Xanthine Bases. Having established the 
constitution of the xanthine bases as reduction products of uric acid 
and the methyl uric acids, the question arises, how can the syntheses 
of these different products l)o eflected? Uric acid might be reduced 
to xanthine and the xanthine methylated, or uric acid might be 
converted into monomethyluric acid, then reduced to monomethyl 
xanthine and further metbylatod ; or finally, the di- and tri-methyl- 
uric acids might be first prepared, and then reduced nto the corre- 
sponding di- and tri-inethyl xanthines. All three methods have been 
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utilized in -turn by Fischer and carried to a successful issue : and 
sinceipthe process i« similar ih each case, one or tt\'o examples may 
suffice by way of illu^ration. • 

When 1 . 3 . ?-trimethyliM:ic acid is heated with a mixture of 
pentachloride and oxychloride of phosphorus, it yields chlorocalleiue. 
Tetfametliyluric acid yields the same product with the elimination 
of a methyl group in the form of methyl chloride. Ohlorocairoine 

is then reduced with strong hydriodic acid to caileine.^ 

• 

CH3N GO CII..N— CO CII.N CO 

■ ' I ■ i i ■ 1 'I 

OC C- NCIIj _> OC C-NCH3 OC C -NCH, 

I HI "*06 I II >cci • I li >cri 

CII.,N- 0 - NIl CHsN-C^-N CIL,N C- N 

1 . 3 . 7-Triinethyluric acid. Ohloroeaffoine. CiiHoiiie. 

1 . 3-Dinjiethylurio acid hohaves similarly and forms tlieoj)liylliiie. 

CH.,N -CO . • CII.,N -CO CH.N - CO 

i I 'll I I ' , 

OC 0 - Nil OC C-~NII OC C Nil 

I II )co I i| >C01 I II „.C1I 

Cir.N - C -NII . CIL,N-C-N CI1.,N -C -N 

1 . 3 iJimolliyluric acid. OJiiorothcophylliiie. 'J’liro|iIiylIino. 

This process cannot, however, bo applied to uric acid in order to 
fjbtain xanthine or to 3- or 7-inoiioincthyl- or to 3 . 7-dinietliyJ-iiri(: 
acid, which might lead to the syutho.>*is of thoohi*oniii*io ; l)i‘causo 
in the first case the su))stanco is destroyed and in the oilier cases 
the chlorine atom replaces Ihe wrojig ox 3 ’geii aloin, i. e. iiislea<l of 
replacing it in position S, wliicli is essential to lint sncress of the 
oiieraiion, it enters position G. 

The hai)i)y idea of employing jdiosphonis oxychloridi* alone, in 
place of the mixture of iiontachloride and oxychloride, has overcojne 
tliis unforeseen dilliciiliy and given a foj*tiinale turn to the investiga- 
tion. 

By this modification 3 . 7-diinethyliiric acid may bo made to yield 
chlorotheobromine ; or better still, 3-iiieiliyluric. acid, which can be 
obtainetl by the direct mothjdaliuii of uric a< id, may ho converted 
into 3-methyl-8-chloroxanthine.4 The latter can eitlier bo methylated 

' The direct reduction of the motJi\diirie acids to xaiitliiiic h.a‘«*s has never 
been cifcctod hjj clioniical rca^'ciits. Electrolytic inoLhods, which liav'o ho«*n 
investigated by Tafel, have shown that it is tlio oxj'gon of ihi* carbonyl group 
iu position 6 which is replaced by liydrogcii. ZJer., 1901, 34, 279. 
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with methyl iodide in presence of caustic potash so as to give chloro- 
theobromine and,* by mothylation, chForocafFeine^ and then reduced, 
hr first reduced to 3-methylxanthine and Ih^/ methylated. As a 
rule, however, the methylation of the. chlorine Compound is more 
easily effected than that of the reduced product. Paraxan thine 
(I . -T-dimcthylxanthino) may be obtained from 1 . 7-dimethyliiric 
acid, and, in a similar manner, converted by methylation into 
caffeine. 

Tlie following scheme wifi indicate the various directions in which 
the synthesis of caffeine has been accomplislied. 


Urio Acid 


8-meihyl-’ 1 .3-diiiiothyl- ’ 1.7-dimethyl- 3.7-diinclliyl- 1.3.7-tnmothyl- ^ Tetramethyl-* 
uric acid uric acid uric jftjid uric acid uric acid uric acid 

11 1 1 4.1 

3-inothyl- TJjeophyUine Paraxanthine Tlicobromin© Chlorofailoiiie Clilorocaffeine 


xanthine 



, 1 

I 

1 

i 


•• 1 

l 


OaiToiiii* 


Heteroxantbine (7-metbylxnntbine) has been obtained by the 
action of phosphorus oxychloride on theobromine, which, by the 
elimination of one methyl group, forjiis 7-methyldichloropuriue. 
By boiling this substance with hydrochloric acid, 7-niotliylxantliine 
is formed, • Xanthine cannot bo prepared from uric acid in so 
direct and simple a manner jis llie abbve, oven when phosphorus 
oxychloj ido alone is used, for the first product, obtained in this way, 
is 8-oxy-2. C-dichloropurine ; but by the action of a largo excess of 
phosphorus oxychloride, uric acid may be made to part with its last 
atom of oxygen. Trichloropurine is then produced, and this com- 
pound has served for the synthesis of *:anthine, its nearly related 
derivales, hypoxanthiiio, adenine, and guanine, and finally, purine, 
the parent substance of the whole group. 

When trichloropurine is treated with aqueous potash it yields 
6-oxy-2 . 8-dichlorppurine. The latter compound may be directly 
reduced with hydriodic acid to hypoxanthine, or convei^ted witli 
alcoholic ammonia into chloroguanipe, which on reduction forms 
guanine. Aqueous ammonia converts trichloropurine into 6-amino- 
2 . 8-dicliloropiirinc, which yields adenine on reduction. 


These alkyluric acids are formed by tlie direct methylation of uric acid. 
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1l’3 


HN— CO 


/ 

N=ca 

CIO d— NH 

!l II >001 

N— C— N 

Triclilorop u ri no . 


CIC •o— NH 

ir >cci 

C • 

6-Oxy'-2 . 8'ilichloropiirine. 


I 


HN— CO 

I I . 

HC C~NH 

II II >CH 

N— C- N 

Hypoxaiiiliinc. 


N=--C.NIL, 


N O.NIIa 
liC d -Nil 


CIC C— Nil • 

II 11 >CC1 , 

N— C-N N C--l!l 

6-Amiii«-2 . 8-dicliloropii riiio. ine. 


,Cli 


HN— CO . 

HjN . C C— NH 

II II )CC 1 

N— C— N 

Cliloroguuikine. 


IIN- CO 

IIjjN . C C— NH 

ll II ^OII 

N-C-N 

OiKinino. 


With sb*oiij[^ hyclrio(]i(5 acid, trichloropiiriiie is further ronveH^^l 
into diiodopuriiie, which yields, with hydrochloric acid, xaiiilnno, 
and with zinc dust and water, purine. 

N^CI 


IC C— NH 

II II \ 


>CH 


N-C— N 

• Diiodopnriiio. 

^ \ . • 
UN— CO N-(jn 

I < . II 

OC 0— NH HC C— Nil 

I ir >CH II 11 >on 

HN— C— N N--C- N 

Xaiitliino. Purint;. 


An alternative metliod for the synthesis of xanthine from 2:6:8- 
triehloropurine is to convert that substance by tlus action of sodium 
etlioxide into ^ . 6-diethoxy-8-cliloropurine, and then to reduce the 
product with hydriodic acid. 

N^^CCl Ni -COCJI, IIN CO 

II r I ■ II 

CIC C— Nil CallfiOC C— Nil OC C— NH 

11 11 >01 11 11 >CC1 I 11 .;.CH 

N— C— N • N- C— N HN- C— N 

2.6. 8>Tricliloropurine. 2 . 6 Diethoxy-8-cIiIoroparino. Xanthino. 
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The direct synthesis of purine has recently been carried out by Isay.' 
The starting-point is 5-nitro-uracil^ the preparjition of whiq]i has 
'already been described in connection with th§ synthesis of uric acid 
by Behrend and Roosen (p. 110). 5-l^itro-iiracrl, non being heated 
under pressure with phosphorus oxychloride, is converted into 2 . 4-di- 
chloroniti’opyrimidine, which, on treatment with ammonm, losed^one 
chlorine atom and passes into 2-chloro-4-amino-5-nitropyriniidina 
On reduction with hydriodic acid, 4 . 5-diaminopyrimidine is produced, 
which is then converted into the formyl derivative. The latter 
substance,^hen heated to 210°, loses the elements of water and yields 
purine. 

HN- CO N=CH N=CH 


HN- CO 

I 

OC C.NOa 

I II 

HN- CTI 

5-Nitro-uracil. 

N-CII 


. ClC^C-NOj. 

" II 
N-CCl 

*■ 2 . 4-Dicliloro- 

5-iiil rop3' rim idino. 

N=-C1I 


N=CH 

■ • I 

► CIC C.NOa 

II II 

N— C.NII 2 

2-Chloro-4-amiiio- 

5-nitropyrimidjn®- 

*N-=:CII 


C. NIL, 


NO. NIT, 


ic c.Nii.cno 
I II 

N-C.NIL, 


nc C-NII 

II 1l >on 

N— C— N 

Punno. 


4 . 5 Diniiiino- Fonnyl-diamino- • Piirino. 

l».vriniiiline. })yrimidino. 

Purine, although neutral to litmus, forms well characterized salts, 
and shows surprising st<‘i})ility towards oxidising ag(mts. 

Trauhea Sf/nf/icais ofXanth Inc Bases. This method closely resembles 
Trail be’s synthesis of uric acid (p. 113)^ Cyanacetylurea is con- 
verted, as beforf, into 4-amino-2 . G-dioxypyrimidine : this substance 
is acted upon witli nitrous acid, and the resulting ibonilroso compound 
reduced to 4 . 5-diainino-2 . G-dioxypyriniidine’. Xanthine is obtained 
from the latter sul^stance by heating the sodium salt of its formyl 
derivative, which is prei)ared by boiling with lormic acid. 

IIN-CO IIN'-CO 


OC CNll., - 
I II 

lIN-CNlIa 

2 . (>-di<»xypyriiiiidine. 

IIN-CO 


OC ONH.CIIO 
I 'I 

IIN-CNH, 


IIN-CO 


__ OC CNNa.CHO _ OC C NNa 

i I I II ,>CH 

HN— CNU, HN-C~N 

Sodiiiui salt of xanthine. 

The method has been very widely applied to the synthesis of many 
* her., 1906, 30, 250 
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other meniberg of the purine group. Thus, if cjanaoetylguaiudine 
be substituted for ^yanacetylurea, the final produel will be guanine, 
whilst with mono^- aftd diuiethyl-C5''anaeetyl ureas, prepared by con- 
densation of monoinethyl- And dimethyl-urea Avifch cyanaeelic eslor, 
the, products will be 3-methylxanthine and 1 . o-dimeliiylxanlhine 
re{^)ectively. Since 3-methyl xnntliirie, on mothylalion, yields botli 
theobroiiiine and caffeine, it is possible to employ this method for 
the commercial preparation of these substances. A further extension 
of the method ' has led to the synthesis of hypoxanthine and adeniiu‘. 
If thiourea is used as the starting material, imd subinittecVto a similar 
series of changes to those •described above, 2-thio-(>-oxypurine will 
resultje** On oiflidising the latter with dilute nitric«acid, liypoxaiitliine 
is formed by the elimination of an atom of sulidiur. Adenino is 
obtained by a slightly different series of changes. Thiourea under- 
goes condensation with methylene cyanide^ forming a thio-pyrimidine 
derivativ<^, wliich is then converted into a purine compound by the 
methods employed in j;he previous syntheses. In the fimil reaction 
the sulphur is eliminated by oxidation with hydrogen peroxide. ^ 


NH, GN ITN— G:NII 

j ” 1 

N --C!SHI„ 

C'S 4 0H.,= SC Clt. 

> SC CNII., 

1 1 “ 1 ' 

1 II 

Nila IfN— 0 : Nil 

HN— CNJLj 

N- 0 . NH,, 

N--^0 . Nil., 

SC C -Nil -♦ 

HC 0-NII 

! 1* . 'o'CH 

11 11 >0JI 

IITS'—O-- N 

N-C tN 


Aflcniiio. 


Jolms’ Synthesis of Purine Bases. 0-Amino-m’.acil and methyl- 
uracil, prepared liyflio method ali’ead 3 M.lt^scri)>od (p. lOD), are nitrated 
and then reduced to the 5 . O-diamino-nracils. On heating with urea 
the diamino- iiracils yiekf respectively 2.8-dioxy' and 'J-ni' Ihyl 
2 . 8-dioxypurine. 


X- G.XH^ 
.OQ CH 



U.NII, 
C . NO, 


N c.Nir., NTr,v 

i I 

00 0^ Nil, Nil/ 


Nil -CI1(CII3) 


HN— Cn(OH;,) 11 N - 011(011;,) 

N- C . NHv 

I I 

-9. 00 C.NH/ 


I il 

1IN->CII(G1I«) 

2 . S-Diox3'puriiiH. 

Amer. Chem. J"., 1909, 41. 08 ; 1911, 45, 79, 


1 Annafen, 1904, 331, Cl 
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It is of interest to note that whilsj caffeine can he prepared by 
the methylation of various xanthine bases, it is possible to effect the 
reverse change and to obtain many of tlie 'xanthine bases from 
caffeine by a process of rfe-methylation.* ’ By the regulated action of 
phosphorus pentachloride or of chlorine dissolved in phosphorus 
oxychloride, the following substances are formed : 


CH.N— CO 

1 I 

00 C- 


o I 

CI-I 3 N- 


NCHa* 

)cci 


CH..N— CO 

I I 

00 C— NCH, 


>CG1 


-C— N 

8'ClilorociiiTuine. 

CII,N CO 

■ I I 

00 C- - NCII,jCl 

I II ..-cci ‘ 

CII.,N -C- N 

7'. S-ClilorocalTiuna 


CHjiClN— C— N 

3'. 8-Chlorociiircine. 

Cll.ClN- CO 

I 1 

oc 


C- NCTToCl 

I II ^yCCl 

ClIoClN- -C- -N 

V. 3'. 7'. 8-Tetraclilorocaffeine. 


It^will bd seen that chlorine first replaces the hydrogen in position 8, 
but, on further chlorination, the lialogen enters tho methyl groups. 
The ehloromethyl groups are easily removed by heating with water, 
with the liberation of formaldehyde and hydrodhloric acid. By 
this means tho above compounds are coiiverted into 8-chloropara-. 
xanthiije, 8-chlorotheophylline, and 8-chloroxanthine, which may be 
rediKied to paraxanthine, theophjdline, and xanthine respectively. , 
net(‘roxanthiuo has also been prepared by a similar series of 
cliangos. • 


The Formation of Uric Acid in the ^ody. The relative 
amount of uric acid excreted varies enormouslv in different animal 
sp('cics. It forjus tho greater part of tho nitrogenous constituents 
of the excreta of l)irds and reptiles, ^;diilst in most mammals, 
including man. the proportion is only about 2 per cent. Tho origin 
of the uric acid in the two cases is entirely different. In the case 
of birds, ainiiuaiia or urea is converted into uric acid by the liver, 
and there is reason to believe that aininoiiium lactatb is an inter- 
mediate product in tho reaction. No such conversion of urea ihto * 
uric acid occurs with mammals, but,, on the conirai\y, the reverse 
eliango takes pLace, and uric acid, taken into the body, is mainly con- 
verted into iii-ea. This power of destroying uric acid is generally 
ascribed to an enzyme in the liver — tho so-called ur’iopl ytic enzt/me. 
For reasons which are unknown this destruction of uric acid is 
never complete, so that a certain propoi'tioii a>f the uric acid present 
^ Flsohor nnd'Ach, Btr., 1i)06, 30, 423. 
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at any time in the body escayos by way of the urine. It is Ibiiiid 
that file uric acid present in the urine of niainnials is derived froin^ 
three sources. TIk^ usI of certain su]>st.ances as food, such as thymus, 
pancreas, and livor, which* aro rich in niicleo-protoins, is found 
to gu^e rise to an increased uric acid excretion. Tho niicleo-proioins 
conftiin one or more of the iiurino bases, xanthine, guanino, hy]) 0 - 
xantliin(*or adenine in combination, and l)ases are converted into 
uric acid by the joint agency of the enzymes adenase, guan.ase, and 
xanthine oxidase (see pp. 77, 81). Only a portion of tho uric acid so 
formed is eventually found in the urine. The term ^exogenous 
uric acid * has been employed to distinguish tho uric acid directly 
derived 'from foT)d from that produced in other ways. Since uric acid 
is excreted during prolonged starv.afion, or when the diet is free from 
purine bases, it is necessary to assume that at least part of the uric 
acid normally excreted is derived from the •metabolism of tho tissues 
and is ind^jicndent of the food-supply. The term ‘ endogenous uric 
acid ’ is applied to uwc acid which originates in this way, an<l 
may arise from the nu cl eo- prolei ns of disintegrated colls." SiiiQfj 
nucleo-proteins taken in as food yield some part of their 2 >uri)io 
bases^in the form of uric acid, it is natural to snppost} that tho 
breaking down of»Uie nucleo-pro loins of degenoraiing body colls 
would also yield uric acid. That this is probably tho case is 
inferred from the fact tliat conditions which cause a largo inc- lease 
ill the production (and destruction) of nucleated leucoc.ytes (such iis 
follows the use of certain drugs and is seen in leucaemia imd otlior 
diseases), result in an inct-eaij5ed uric acid excretion. 

A third source of uric acid is found in purine kases produced in 
metaholism. Tho im])ort:ini fact has recent Jy l)een iccognized that 
purine bases may bo produced in iioiinal cell metabolism. It has 
been shown that hypoxantliiiie is found in the muscles, and that 
the cpiaiitily is iiic.rcas(‘d during activity. 'J'hcj hypoxanthine does 
not leave the muscle as such, but is coiivcTied into uric acid by tlie 
action of an oxi<iisiiig enzyme. Tho mode of production of tlie 
hypoxantliino is unknown. It is certain that, the synthesis of piirino 
bases is readily. carried* out in the living cell, );ecaii.se miclco-prcjtoins 
4 'oiiWuning purine bases are formed in the develtJjuneni of young 
animals, and the lattej* derivtj their nourisljnieni fjom food wliich 
need contain no purine derivatives. 

Kkfuri*.nci:s. 

Synthesen in dcr Put ingmppe. by E Fi.-iclier. iJcr.. isOD, :i2, ‘lyfi 

VegetuhU Alkaloids, by A. Pjetet, traii.s. by H. C. Biddlo. WiJey, Nc.v York. 
!904. 



CHAPTER IV 


THE PEOTEINS 

The pvoioins embraco a large and ill-defined group of substances 
which are derived directly or indirectly- from living matter. They 
form the chief com tiiuonls of the protoplasm of the majority '^f cells 
and enter into the composition of Jinimal tissues and secretions. 
A knowledge of their structure is clearly of the greatest importance 
to biological science. Bvit their study offers peculiar diiiicultios. 
They are colloidal, non-volatile substances, and consequoiitly diffi- 
cult to obtain in a state of purity. Moreover, they do not lend 
tl;\emsclves to investigation by simple chemical methods. The early 
investigators who turned their attention to the better known but 
more complex proteins, apart from collecting a number of interesting 
empirical facts, obtained little insight into their real nature. 

At a later period the simpler members of the group, such as tho 
protamines, wore examined with more success by Kossel and others. 
Still more recently the comprehensive study of the simplest constituents 
or constitutive fragments of the protein molecule whicli was carriedf 
out by Emil Fischer and his co-workers, has thrown a flood of light 
on the subject. These constituents consist mainly of amino acids, for 
which new methods of se])aration, identification, and synthesis have 
been devised, so that the structure of the mTajority of themi is now 
well known. The knowledge gained by theR,e investigations hfis 
clearly indicated the lines upon which tho construction of the 
simpler members of the protein group' may be accomplished, and 
although wo are still ignorant of the constitution of even the simplest 
protein, the problem has lost something of the hopeless aspect that it 
formerly presented. * 

Before consideving individual members of the protein group, i^ 
will be convenient to give a brief outline of the methods employed 
in their investigation. Animal and vegetable tissues and fluids must 
of necessity servo as the niaterLal for their preparation. The plan 
almost universally adopted consists in precipitating by various 
means the proteins contained in the aqueous extracts, prepared by 
digesting the tissues with dilute alkali, ^acid, or salt solutions. 
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A gres^t number of substances Ivive been emplo\’ed a§ procipitaiits, of 
which the most important are ammonium sulphate, sodium cliloride, • 
sodium sulphate^ ainc sulphate, magnesium sulphate or organic, 
liquids, such as alcohol, ether, and acetone. Fri'qiienily a protein 
may ‘be precipitated from an alkaline solution by acidiiying with 
soimf weak acid like acetic or carbonic acid. All proteins are 
precipitared on complete saturation of the solution with ammonium 
sulphate, a reagent which usually produce^less alteration in unstable 
substances than alcohol or either similar precipitants. 

The various proteins diller widely in the relative ease wTth which 
they are precipitated by salts,* and it has been found that systematic 
‘salting dfit’ forms one of the best available means oT juirific-ation. It 
has long been known that os^fhaemoglohin (p. 167) and certain of the 
vegetable proteins may be obtained in the form of well-defined 
crystals, and, more recently, other proteins *such as egg- and sermn- 
albuiniii have been obtained in crystalline form by salting out under 
special conditions. EveiFAvhen crystalline the proteins m:iy contain 
many impurities arising partly from their power of adsiwption f 
iievertheloss, by repeated precipitation or crystal lization, a number 
have been isolated which are believed to bo individual substances 
of definite coniposiiit)n. 

The proteins contain cjirbdn, hydrogen, nitrogen, and oxygen, and 
most of them sulx)hur and phosi)hoi*us in addition. The relative 
p^*oportioii of carbon, hydrogen, and nitrogen in the majority of 
typical inoteins varies within small limits, as will be seen from tJie 
following average numbers : qiivbon, 52-55 per cent.; nitrogen, 15 It) 
per cent. ; hydrogen, 6*5-7-5 percent. The moleculal- weights of the 
proteins are extremely higli, but in every case €‘xact determinations 
are still ^'wanting. From a consideration of the products of hydro- 
lysis, it is concluded (hat the siiuplo protamines have a liiulecular 
weight of some multiple of 2,^00, while the assumption that the com- 
plicated protein, Juicmof/lobin (ajqiroxiniatoly F(^S.), 

contains only one atojii of iron in the iiiolecnlo, loads to a miniinuiii 
molecular weight of about 16,600.* Similar numbers are obtained 
from calculations basecl upon the proijortions in wliicii carbonic 
o^ideior oxygen combine with haemogloVdn. * 

The employment of physicjil^ methods of molecular weiglit d<^- 
terminaiion has not led to coni^letfdy satisfactory results, but tliey 
at least confirm the enormously high estimates made on chemical 
grounds. By Uic use of the freezing-point method, a moleculai 

^ ZeiL ifthysioL Chem., 1880, 14, 280. 

K • 
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weight of about ^4,000 has been assigned to egg-albumin. Careful 
direct measurements of osmotic pressure in solutions of certain 
proteins have been made by Waymouth Reid ' : but, with the ex- 
ception of haemoglobin, negative results were uniformly obtained. 
Assuming the molecular weight of haemoglobin to be 16,600, as 
deduced from its iron-content, it is calculated that, if no dissociation 
in solution occurred, a 1 per cent, solution of the protein would give 
a pressure of 10*7 mm. of mercury at 15^. Since the observed 
pressures are only about one-third of this, the true molecular 
weight appears to be a multiple of the minimal number calcu- 
lated from analysis. In this connectioh it is of interest to note that 
the appearance of solutions of haemoglobin, when exafAincd in 
a special form of microscope of high power, resembles that of distilled 
water, and presents a marked contrast to the milky appearance 
of the pseudo-solutions ' of certain other proteins. It is therefore 
probable that haemoglobin, unlike most other proteins, forms a true 
solution in water. 

Taking advantage of the fact that certain proteins, such sis ctisein, 
act as polybasic acids and form neutral salts with alkalis which aie 
ionised in solution, Suckur^ has deduced molecular weights from 
electrical conductivity measurements. In the* case of casein, the 
combining proportions of sodium liydi'aie and protein lead to an 
equivalent of 1,135 for the latter, whilst the conductivity measure- 
ments indicate that this number must be multiplied fi'om four to six 
times to give the molecular weight. 

The wide variations in the molecular weight, estimated by 
diiierent methods, renders it impossible to place much reliance upon 
the numbers, but as the experimental errors in most cases tend to 
give low results, it is probably safe to assume that lew proteins have 
a molecular weight of less than 10,000. 

One of the most characteristic properties of the proteins is the 
curious transformation 'which most of them exhibit when tbeir 
solutions are heated. At a certain definite temperature the 
protein undergoes coagulation, forming an insoluble clot, which 
docs not redissolve on cooling. The exact tempe»’ature at which 
coagulation takes place varies with different proteins and is influenced 
by the reaction of the solution and by the presence or absence of 
salts. The clotted proteins are mu^i more insoluble and generally 
less reactive substances than the pai’ent proteins, and they cannot be 
reconverted into the original coagulable proteins. 

* Journ, of Physiol, 1904, 31, 438 ; 1905, 33, 12. 

^ Hifmeislers Beitrage, 1902, 3, 19o. 
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Th^ proteins can^ function Jboth as acids and as bases. Some, 
such as casein, have pronounced acid proijorties, whilst others,^ 
such as the protariin?s, are strongly basic substances, but indica- 
tions of both bf-sic and acid nature may be found in all. Tlio ex- 
planfftion of this phenomenon may be referred to the presence 
in tfie protein molecule of amino-acid groups, in which there is 
a balance between the basic-amino and acid> carboxyl groups. If 
a portion is warmed with dilute acid jj: is converted into ‘acid- 
albumin \ while on similar treatment with caustic alkali it is rapidly 
changed to an ‘alkali albuminate’. Tho nature of I htf reactions 
taking place is still unkno\t^n, but the products of the action ol 
acids anfl bases* upon proteins show great variations in proportb's 
from the parent substances, and tlieir aqueous solutions no longer 
undergo typical coagulation on beating. 

• 

Colour Reactions of the Proteins. A nuinbor of colour reactions 
have been described which were at one time believed to be cliarnc- 
teristic of the proteins." It has, however, boon found that.most of 
these reactions are due to the presence of special amino-ncid groui)S 
in the protein molecule, to which reference is made later. 

T/ic Biuret Bcac^on. A fine pink or violet colour is produced on 
the addition of an exacts of caustic soda and a trace of copper 
sulphate to a solution containing jn-oteins. This reaction is given by 
all jn-otoins, as well as by proteoses, peptones (p. 151), and all excoi)t 
H few of the simplest synthetical polypeptides (p. 151), but tho test 
fails with the fiee amino acids. The tint varies coiisidewibly, but is 
usually bluish-violet with pToteins and pink with tho peptones. In 
addition to the protein derivatives, already mentioned, certain other 
substances, including biuret, malonaniido, and oxamido, give the 
reaction. Scliiff ‘ Inn attempted to correlate those suV>stances which 
yield the biuret reaction with their structure, but his results are no 
longer accepted as ontirelf trustworthy. It is probable that the 
reaction in the case of the j)rotoins is due to groups which result 
from tho coiidcnsatien of amino-acid molecules among tlioinsclves, 
and as the dipeptide.® and many tvipejitides <lo not give a distinct 
reaction, several of these groups ap|X‘ar to be necefjgaiy. 

27ie Xmithoph'otcic Bcaction. On addition of concentrated nitric 
acid to a protein solution, fijlowed by gentle warming, a deep 
yellow colour results which changes to orange on the addition of 
ammonia. The reaction is due to the production of coloured aromatic 
.nitro compounds. It is given by nearly all proteins ; for, with the 


‘ i?er., 1896, 20, 29a; Annalcn, 1897, 200, 236 ; 190], 310, 300. 
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exception of the, protamines, they aU contain heteiiocyclic phenyl- 
/«ilanine or tyrosine groups (p. 148). 

MxUoyCs Beaction. Almost all proteins, with, the exception of 
gelatine and the protamines, contain tyrosine groups in their 
molecule, and hence give a red colour on warming with Millon’s 
reagent, ^ 

AdamMewicz-Hojpkins Beaction. A fine bluish-violet colour is pro- 
duced on adding half a yolume of concentrated sulphuric acid to 
a protein solution containing a trace of glyoxalic acid/ The pro- 
duction of the colour depends upon the presence of tryptophan© 
groups (p. 147), and a positive reaction fs therefore obtained with all 
proteins with the exception of gelatine and the protamines/*^’' 

Lead Sulphide Beaction. The majority of proteins contain sulphur 
in the form of cystine groups (p. 143) and give a black precipitate of 
lead sulphide on boiling Avitli caustic soda and load acetate solution. 

Molisch Beaction. A violet colour is produced on adefing strong 
sulphuric acid to a protein solution containing an alcoholic solution 
a-naphthol. This reaction is given by all proteins which contain 
carbohydrate complexes and depends upon the production of furfurol 
by the action of the mineral acid. 

On account of their physical properties the pi^teins do not lend 
themselves readily to direct investigation. Their structure and 
comppsition, as far as they have been elucidated, have been 
arrived at almost exclusively from a study of their products of 
hydrolysis and of oxidation. Of these two methods hydrolysis has 
proved to be much the most fruitful, ii} fact, the modern chemistry 
of the proteins Is mainly concerned with the products obtained by 
various methods of hydrolysis. The methods are of two kinds, 
either purely chemical, in which mineral acids, alkali, or superheated 
steam are employed, or biochemical, in which the proteins are 
resolved into simpler products by means of enzymes which normally 
occur in living organisms, particularly in the digestive tract of 
animals. The hydrolysis of the proteins by enzymes is elfected at 
low temperatures and in the absence of more than traces of acid 
or alkali. As the reaction occurs in several fainly well-defined 
stages, it has bSen possible to obtain from the complex protcins- 
a number of products, intermediate in character between the simple 
end-products of complete hydrolysis*and the parent substance. The 
importance of this method can hardly be over-estimated, especially 

^ Ordinary glacial acetic acid usually contains traces of gfyoxalic acid and 
was originally employed for this test in place of the pure acid. 

^ A protamine named cyclopterine, however, contains tryptophane groups, and 
consequently gives a positive reaction. 
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as tlfe course of tlte reaction *may be varied to sotne extent by the 
employment of difleivnt enzymes. The more important products 
of protein hydrolysis, arranged in order of their complexity, are 
proteoses, peptones (including simple polypeptides), and amino acids. 
Th^i first two classes of compounds will bo referred to at a Isiter 
stage, a^ter the simpler amino acids have been discussed. 

The Amino Acids. If a protein, for example egg-albumin or 
casein, be completely hydrolysed by boiling with concentrated hydro- 
chloric acid, a clear, dark-coloured solution is obtained which no 
longer ^|ives the biuret reaction. The problem of separating and 
identifying the products has lon^ taxed the chemists* ingenuity. 
As long ago as 1820 JBracohnot obtained glycine and leucine from 
gelatine, and thirty years later Liebig found tyrosine among the 
decomposition products of horn. Leucine and tyrosine were then 
so frequently encountered that these two amino acids were thought 
to comprise the bulk of the protein decomposition products. 
With the employment of better methods, other amino acids, suchtis 
aspartic and glutamic acids, were added to the list, and a great 
advance was made in 1889 when Drechsel showed that a considerable 
proportion of the products of protein hydrolysis were strongly basic 
substances belonging to the class of diamino acids. Ten years later 
MOrner was able to demonstrate the wide distribution of the sulphur- 
^ontiiining amino acid, cystine, whilst an acid of an entirely new 
type -tryptophane, a derivative of indole — was isolated^by Hopkins 
and Cole. The recent intr(»duction by Fischer of improved methods 
for the separation of amino acids, based upon thefr conversion into 
volatile esters (which can be partially separated by fractional distilla- 
tion m vaaio\ lias led to the recognition of the wide distribution of 
acids such as alanine, serine, and phenylalanine, which had only been 
previously detected in tlio i|i’oducts from a few proteins, and to the 
discovery of two cyclic acids of a new type, a-pyrrolidinecarboxylic 
acid and hydroxy-pyrrolidinecarboxylic acid. 

The following interesting table is taken from Dr. Pliminer’s 
monograiih on*‘ '11 le Chemical Constitution of the Proteins.* ‘ : 


m 

SubsiaHCc. 

Disvoicrcd 

• 

l_ 

‘ dl ’ Form 
syMhetymd 


Xatwut Active Form 
obtained 


hy 

in 

by 

in 


by 

in 

Glycine 

B^aconnot 

1820 

Perkin and 
Diippa 

1858 

- 

— 

— 

Alanine 

Schiitzenberger 
and Weyl « 

1888 

Strecker 

1850 

a 

Fissher 

1899 


^ Jfonegrap/ts on jBiocAemisfry, Longmans 1912. 
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r 

Substance. 

Discovered 


w 

Racemic ‘ dl ’ Fortn 
synthesised' 

# 


1 

Natural Active Form 
obtained 

by 

in 

by 

in 


by 

1 in 

Valine 

V. Gorup- 

Besanoz 

1S5C 

Fittig and 
Clark 

1866 

- d 

Fischer 

1906 

Capri n 

Abderlialden 
and Weie 

1913 

— 

— 

— 

— 

— 

Leucine 

r 

Proust, 

Bracoimot 

1820 

Linipricht, 
Schulze and 
Likiernik 

185*) 

1885 

1 

Fischer 

1900 

Isoleucine 

Ehrlich 

1903 

Bouveault 
> & Loequin 

1905 

d 

f 

Loequin 

1907 

Phenylalanine 

Schul^ and 
Barbieri 

1881 

1 Eiienmeyer 
and Lipp 

1883 

1 

Fisclioi' and 
Scholler 

1907 

Tyrosine 

Liebig 

1846 


1883 

1 

Fihcher 

1900 

Serine 

Cramer 

< 

1865 

Fischer and 
Lcuchs 

1902 

1 

Fischer and 
Jacobs 

1906 

Cystine 

1 Wollaston 
i Morner 

1810 1 
1899 

Erlenineyor 

jun. 

1903 

1 

FLy^her and 
Baske 

1908 

Aspartic acid 

Plisaun 

1827 

Dessaignes , 

1850 

1 

Piutti 

1887 

Cf 111 tain ic acid 

Bittliauscn 

1866 1 

Wolff 

' 1890 

a 

Fiejher 

1899 

Orni*^hine 

Jaird 

1877 

Fischer 

1900 

d 

Sopensen 

1905 

Arginine 

Schulze and 
Steiger 

1886 

Schulze and 

AVinterstein, 

SOreusen 

1899 

1910 

(i 

■ 


Lysine 

Drcchsel 

1889 

Fischer and 
Weigert 
Willstiltfer 

1908 

d 

— 

— 

Pi'oline 

Fischer 

1901 

1900 

1 

Fischer and 
Zemplen 

, 1909 

Ilydroxyproline 

»» 

1902 

Leuchs (?) 

— 

1 



— 

Histidine 

Kossel 

I89<i 

Pyinan 

1911 

1 

Pyinan 

,1911 

Tryptophane 

Hoj^kins and 

Cole 

1901 

Ellinger and 
Flamaiid 

1907 

1 

— 

— 

^-Hydroxy- 
glutamic Acid 

' Dakin 

(C 

1918 

1 

Dakin » 

1919 

~ 




( Products of Protein Hydrolysis. Hydrolysis may be -effected 
by boiling with mineral acids (hydrochloric, 'sulphuric, or hydro- 
fluoric) or alkalis, or by the action of certain enzymes, such as 
pepsin and trypsin (p. 77), which possess the property of breaking 
down the proteins into simpler products ; complete hydrolysis is 
indicated by the biuret reaction. The different kinds of amino- 
acids present in the products of protein decomposition may be classi- 
fied as follows : 

Monobasic monamino acids 
Dibasic monamino acids 
Diamino acids 

Hydroxy- and thio-monamino acids 
Heterocylic amino acids 
Aromatic aipino acids. 



PKODUCTS OF PROTEIN HYDROLYSIS fSo 


Th« following t£^le contaifis the chief animo acids which have 
been isolated from tlnj^ products of i>rotein hydrolysis : 

* Mofwbasic Monaf?itno acids. 


Glycine « ainiuoacetic acid 
Ala^^ine a-aminopropionic acid 
Valine = a-aminoisovaleric acid 


Leucine = a-amiiioisobutylacetic 
acid 

Isoleuciiie = secondary butyl o-aviino- 
ncetic acid 

Caprine = a-atnino cnproic <*icid • 


(HaN)CHaCOOH 

CH3CH(NHa)COOH 

GU 

'^CllCHCNIIa^COOH 

oh/ 

CIV 

>CHCH2CHCNHa)COOH 
CH,^ . 

C^lLv 

>C1ICH(NH2)C00H 
CH/ • 

CH.,Cll.,ClIaCH2CH(NH3;COOH 


Dibasic Monamino acid§. 


Aspartic acfd = aminosuccinic acid 

« 

Glutamic acjd = aminogliitaric acid 


CH(NH 3 )C 00 H 

CII 3 COOH 

CH(NH 2 )C 00 H 

CH,CH,COOH 


Hydroxy- and TMo-amino acids. 


(ferine = a-amino - ^-hydroxypro- 
pionic acid 

ITydroxyglutamic acid 
Trihydroxydinminododecauic acid 
Cysteine ~ a-amino-/3-thiolactac acid 
Cystine 


Cn 3 (OH)CH(NH 2 )COOH 

coon . Cllg . enroll) . ClHNHa^COOH 
C„ 1 I,cCOU) 3 (NH,) 3 COOH 
CH2(SII)CH(NH2)C00H 
S . CH.CIKNIVCOOH 

I • 

S.CH 2 CII;NH 2 ,C 00 H 


Dtamvto acids. 


Ornithine = a-S-diaminovaleric acid 
Lysine — a-c-diaminocaproio aci't 
Arginino = a-amino - 5-guanldo-va- 
leric acid 


(HoN)CH,CH2CH2CH(NH.,^,COOH 

CH2N)OH2CH.2CIl4CH4CHCNIl2)COOH 

NH 

II 

(H2N)C - Nil CH2CIl2CIl2CH(NH2^C001f 


>J Heterocyclic Amino acids. 


Proliue = a -pyrrolidine carboxylic 
acid 


Oxyproline l^droxypyrrolidine 
carboxylic acid 


HjC,— ,CH, 
H.ci^OH.COOH 

HOHC I |CH, 

ll,Cl -'CH.OOOH 

NH 
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Histidine = a-amiiv:) - jfl-iiniuazole- 
propionic acid 


rjyptopliane = indole-aminopropi- 
(jnic acid 



C.CR2CH\NII2)C00H: 

N' . 




[ — nC . CH2 CH(NIIj)COOB 

I CII 


\/\/ 

Ml 


Aromatic Amino acids, 

Phcnyh.lmijpe = <.-amino.3-pbcnyl- nH..Cn(Nn,)COOH 

propionic acid \ / - '' 

Tyrosine =-- a-amino - p - hydroxy- \nfT cTTfNH 'iCOOII 

phenyl-propionic acid 

It will be seen from the table that tliel*e are about twenty different 
nmino acids, the majority of which are commonly found among 
the products of hydrolysis of t^'pical proteins, although their relative 
proportions vary considerably. Casein, for example, yields all tlie 
above-mentioned products of hydroly^sis with^the possible exception 
o/' glycocoll. These acids are all a-amino acids, a nd^ constitute 
practically the whole of the hydrolytic products of the proteins; 
a variable quantity of ammonia (0-4-5 0 per cent.) is usually set 
free, and, in tlie case of hydrolysis by acids,' certain secondary 
decomposition products are commonly met with.^ The mode in 
which the diflfei'eiit amino acids are united in the protein molecule 
will bo considered at a later stage. , 

Monobasic Monamino Acids, The monobasic monamino acids form 
a large part of the products of hydrol^.sis of most proteins. That 
tliey serve as a source of energy available for the animal organism 
naturally follows from the fact that they are produced in large 
quantities in the process of intestinal digestion of protein food. 
They are all ciystalline, sweet- tasting substances which are soluble 
in water, but insoluble in alcohol and ^ther. They have a neutral 
reaction, but form well-defined crystalline salts with both acids and 
bases. With the exception of glycine they all contain asymmetric 
car]>on atoms, and they are known in both racemic and active 
lorms, one of the latter being present in protein decomposition 
products. All the amino acids of this group have long been knewii| 
and their synthesis has been accomplished by means of the five 
fullowing reactions; '• 


^ Details of the methods of separation and identification of the amino acids 
will be found in Plimmer’s Chemical Constitution of the Proteint^ Monographs on 
Biochemistry, Ijongrnans, 1012. 
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• (a)»By the adioaof aininortia upon halogen fatty acids, e. g. 

CH;,K k CH,. 

>CH . CIIBi- . coon -> >CH . CIKNILICOOH 

cii./ cii/ ' ■ 

* a-Bronioisov{iloric Hcid. a-Aminoisovaleric acid. 


The oirbromo fiitly acids, necessary for the synthesis, may be 
jirepared by the ordinary methods of direct bromination, but in 
many cases better yields are obtained by broininating the corre- 
sponding alkylmalonic acid and then converting the product into a 
jiionobasic acid by distillation. ‘ 

' (0) GabrAd’s method,- which consists in copibining potassium 
phthalimide with halogen acid ester ami hydrolysing the product. 
Glycine is prepared as iollows ; 


/CO^ 

/ X T.*" 


CJIZ ^NK + CICll., . COOC.,!!. 


CO 


C,,H,.; \N(Br., . COOC.,11,-, 4 KCl 


■’'CO ^ 


. /CO, 

c„ii/ >Ncii., . cootyi + 11,0 

''Ctr 

/COOH 

- c, n,< + N iix'ii, . cooii + c,ii on 

\cooii 


In place of the halogen farty acid the mouohalogeiy nalonic ester may 
be used, whereby it is possible to introduce into the malonic ester 
group an additional alkyl radical. The product is then hydrolysed, 
and carbon dioxide Kenioved from the amino malonic ester (p. 140). 

ic) By Strecker’s method, which consists in combining an aldehyde 
with ammonia and hydroc/anic acid and hydrolysing the resulting 
amino-cyanhydrin, e. g. 


CH, . 

'Acetaldeliyde. 


.mi, 

XlIo.C^CN 

\h 


> on, . ch(nh2)cooh 

c 

Aliiiiino. 


‘ (d) By the method of Erlenfneyer, jun.,® who condenses aldehydes 
and esters with hippuric acid in presence of acetic anhydride, then 


' E. Fischer, Ber., 1901, 37, 3062 ; 1906, 30, 351. 
* Gabriel and Kroseberg, Bvr., 1889, 22, 426. 

» Annalen, 1893, 275, 1; 1899, 307, 70, 163. 
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reduces and hydsolyses the product. Phenylalanine Svas prepared in 
•this way. , 

.NHCO . Cofl, • 

C„H,.CHO + CHX 

COOH 

/NH . COC 0 H 5 /NH . COc'uHs 

c„ii,cH=.c< c.iHiCH. . cri< 

\COOH , ■ ^COOH 

-* C0H5 . GHj . CH{NH,,) . COOH 

Phcnylalaninij. 

(e) Another method, which has been occasionally #nsed bj^^Bouve- 
ault and Locquin, is to convert *the ketonic acid into the oxiinino- 
deriviitive and reduce the oximino- to the amino-group. 

The optically active aci^s are obtained from the racemic forma, in 
some cases by the actions of organisms ; but more gene/’ally by a 
method whicli is due to E. Fischer.' It consists in Ihe conversion 
of the amino acids into strongly acid benzoyl* or formyl derivatives, 
'N'J’hich yield well-crystallized salts with alkaloids, capable of separa- 
tion by fractional crystallization (Part 11, p. 183). The optically 
active acyl derivatives yield the active amino acids on hydrolysis. 
d-Camphor-sulphonic acid and its bromine derivative (Part II, p. 183) 
have also been used for resolving the amino esters.® Ehrlich ® has 
obtained active amino acids by fermentation with yeast, one of the 
enantioniorphs being assimilated in the jn'ocess (Part 1 1, p. 181). * 

Dibasic ]\fonamino Acids. Two dibasic pionaniiiio acids, aspartic 
and glutamic acids, are important constituents of many protein 
decomposition products. In the case of the proteins from wheat, 
the yield of glutamic acid may exceed 30 pej* cent. Aspartic and 
glutamic acids, as might be anticipated, are strongly acid substances 
which form well-defined metallic salts, but they still retain the power 
of combining with acids. \ 

Inactive aspartic acid has been synthesised by heating fumaric 
acid with ammonia,* and the d-acid, by acting upon Z-bromo succinic 
acid with ammonia."’ , 

Piutti " also obtained the inactive acid by the action of hydroxyl- 
amine on oxaloacetic ester and then reducing the isoiiitroso-succinic* 
ester compound : 

I Ber., ISeO, 32, 2451. 

* B&r., 1908. 41, 2071 ; Gazs. c/tew. Hal., 1914, 44, 97. 

» Btr., 1907,40, 1028. • 

* Etigel, Compt. rend., 1887, 104, 1805. 

* Fibclicr and Basko, Ber., 1907, 40, 1051. 

* Qass. chem. ital., 1887, 17, 519. 



PKODUCTS OF PKOTEIN HYDROLYSIS 


CHfe . qpOCaH, . CHa.COOQ^Hj 

CO . C90«,,Ha HON : (!) . COOC2H5 
CH2.COOO2H,, 

^ H^N.CH.COOCaH-, 

Glutamic* acid was obtained by the reduction of a-isonitroso-glutaric 
acid.' 5 

TJie Diamino Acids. The diamino acids are strongly basic sub- 
stances, which are among tlie most constant and characteristic pro- 
ducts of protein hydrolysis/ The first members were discovered 
by Dredlftel, who isolated lysine and a siibstancc^which he named 
lysatinine. The latter was Subsequently shown by lledin to be a 
mixture of lysine with a base named arginine, which had previously 
been detected in lupine seedlings by E. Sclfulze. Somewhat later a 
third base* histidine, was independently discovered by Kossel and by 
Hedin, and for some time it was thought that this substance might 
bo classifiq|d with lysine and arginine, but recent work has shown 
that it has an entirely different constitution (see p. 145). These three 
bases^ lysine, arginine, and histidine, each contain six carbon atoms 
and are frequentl.y* spoken of as the hexone bases, but since the 
constitution of these substances has been ascertained the term seems 
scarcely suitable. 

^ Arginine is perhaps the most widely distributed of the amino 
acids, and although the amount may be small, there is no protein 
which does not yield this gubstance on hydrolysis ; tluis elastin, a 
connective tissue protein, yields only 0-3 per cent,, while as much as 
90 per cent, is found in many protamines. It is completely resistant 
to the action of acids,* but is easily decomposed by alkali or by an 
enzyme aryinasc yiefding urea and a now diamino acid, ornithine 
(p. 79). 

From the formulae of these substances it will be seen that they 
all contain an amino group in the a-position and a straight chain of 
five or six carbon atoms. 

^ Ornithine =.(NH2)CH2CH20H2CJI{NHjj)COOH 
Lysine = (NH2)CIl2CH2Cll2CH2CH(NIl2)C06lI 
Arginine = (Nila . C : Nil . NH)CH2CH2CH2CH(NH2)COOH 

A clue to the constitution of ornithine and lysine was furnished by 
the observation of Ellinger,^ who found that these substances are 

^ Wolff, Anyialeti, 181^0, 260, 7l>. 

2 Zeit. 2 :hysiol. Clunn., 1800 , 20 , 334 . 
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converted by the action of putrefactive organisms jiito*tetrametli|p^lene- 
<diainine and peiitamothylenediamine respectively, whilst the relation 
of arginine to ornithine was made clear by Schulz^^V' synthesis of tho 
former substance Ijv the direct addition of cyanainide to ornithine. 

(II.;N)CH2CH^CILCH(NIL,)C00H + Nllg . CN 

Ornithine. 

Nil 

• ;i 

- 1T,N . C— NHCJLCIT,CH,CII(NII,)COOII 

Argi nine. 


T'hat the guanidine group is attached to the end oj. the chain, and 
not to the a-carbon, has been shoAVii by Sorensen.® 

The synthesis of ornithine and lysine ofiered considerable dilli- 
culties. but those have b,een successfully overcome by E. Fischer* 
and later by Sorenson.^ Phtlialiinidoprop5dmaloiuc esfer, which 
served as the starting-point for Fischer’s synthesis of ornithine, was 
converte^d into phthalimido-a-bromovaleric •acid by bromination; 
t'^e bromine was tlum replaced by an amino group by* means of 
ammonia, and the product gave inactive ornithine on removal of 
the phthalyl group by h5^drolysi.s. * 


/:o . XOOCall, 

CJI/ \NCII^CII,OII„CH< 

^•co-^ ■ “ \cooaii-, 


,co 


. CcH^< >NCHjjCn.,CIl^CaBrCOOH 

''CtK . 

' CO. 

. c,.n/' \nch.^ch.,ciI:jCH(>}ii.icooii 

NCO/ 

-> (n^^r)Cii2Ciix-ii„cii(Niijcooii 


Sorensen’s synthesis is very similar to the above. A more con- 
venient method was afterwards introduced by^Fischer and Zemplen.® 
When benzoyl-piperidine is oxidised with permanganate, cleavage of 
the ring tollows, and the resulting benzoyl S-aminovaleric acid is 
then converted, by the action of bromine and phosphorus, intq the^ 
bromo-derivative. From the latter monohenzoyl-ornithine acid is 
obtained by treatment with ammorna, and from this ornithine by 
hydrolysis. 


' J5er., 1899, 32, 3191. 

» JSer., 1901, 34, ; 1902, 35, 3772. 

* Comid. rend, irav. Laborat, Carlsbeig^ 0. 


2 Ber,, 1910, 43, 648. 
*6 i?er., 1909, 42, 1022. 
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CoH,CO.N<^ ^OH^ -► C«njCO.NH(CH,)3CH(Br)OOOH 

caroii’a 

Benzoyl-piperidine. 

-♦OeTisCO . NH(CH 2 ) 30 H(NH 2 )C 00 H -> NH,(CIL2)aCH(NH2)COOH 

Munoben/oyl-ornithine. 

Fischer’s synthesis of lysine dej>ends uj^on the conversion by 
nitrous acid of y-cyanopropylmalonic ester into an oxiniino derivative 
of a monobsisic acid. Tliis substance on reduction with sodium and 
alcohol yields a-c-diaminocaproic acid (lysine). 

* yGOoll 

CNCIToCITaCIIaClI^ " CNCHgCHoCHgOlNOIIjCOaE 

^CO^R 

7 -CyanopropyImaloni<i eater. a-OxVininocyanovaloric ester. 

• (U2N)CIl2CH.>CH2Gll2CII(NH2)COOII 

^ Lysine. 

.’Lysine also been obtained by v. Braun ' from benzoylpiperi-; 
dine, which on treatment with phosphorus pentachloride yields the 
open-cjiain chlorine compound, which is then converted successively 
into the nitrile and the acid. The succeeding steps correspond 
tojthose of Fischer and Zeinplen described above. 

IL C O IL. 

CuHsCO.N^^ -> CbII,-CO . NII(Gir.,),,Cl 

Hi,c~cn2 

CoHjCO.NHlGIU,t)N -► CeH,,CO.NlI(CH,,)iCOOH 

Ornithine is not usually found among the products of hydrolysis of 
proteins by acids. Ljsine, on the other hand, is a very general con- 
stituent of the hydrol 5 ’^tic products of proteins, and is absent only 
from certain protamines and|from a few vegetable proteitis such as 
zein (p. 104). 

Ornithine, arginine, and lysine, like many other bases, are precipi- 
tated from acid solutions by means of phosplio tungstic acid. The 
other amino-acids, with the exception of some of the heterocy lie acids 
fliisrtdine and (i-pyrollidine-carboxylie acid), are not precipitated by 
this reagent, which is therefore, used as a means of separation. ** 

Ilydroxy-and TMo-monamino Acids, The presence of serine (a-amino- 
)S-hydroxypropionic acid) among the products of hydrolysis of the 

1 Be?-., 1909, 4.2, S39. 

* Methods lor the approximate quantitative detormi nation of lysine, argijiine, 
and histidine, are given hy K ssol and Kutsclier, Zeit.yhysid, Chein.f 1900, 31, 105. 
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proteins found in saw silk was ob^rved as long; ago as 1^65 by 
Cramer,’ but it is only within recent years that it has been recog- 
' nized as a common protein constituent. Its fsol^tion offers consider- 
able difliculties, which are in part avoided by the employment of 
Fischer’s ester metliod of separation (p. 150). Serine contains an 
asymmetric carbon atom, and proteins yield the laevo form. Its con- 
stitution iollows from its conversion into glyceric acid by *1110 action 
of nitrous acid, from its reduction to alanine by hydriodic acid, and 
from its synthesis which has been accomplished by Fischer and 
Leuchs,®nnd also by Erlonmeyer.® The two former obtained a small 
quantity of serine by the hydrolj^sis of* the aminocyanhydrin derived 
from glycollic aU’ehyde. ** 

CIL(OII) Cil2(011)‘ CH,(OH) 

I “ ! I 

C - 0 CH(Nn.) CH(Nir2) 

II CN coon 


« Erlenmeyer condensed formic ester wuth hippuric estei in presence 
of sodium ethosidc, and the resulting jiroduct was reduced with the 
aluminium-mercury couple. * 


H.C00CJl6 + II.C< 


.NlI.COCeTIr, 


^COOOJJ, 

CH/III . CH(NH,) . COOH 


/NH.COCJI-. 

HO.CII:C< 

^COOOJI. 


, w 

Leuchs dnd G<‘iger ' also obtained it *froni chloracetal, which was 
converted with sodium ethoxide into uthoxyacetal, then into the 
aldehyde, and by Strecker’s method into the {iiniiio acid. 

Finall}'^, the ethoxyl group was replaced ]>y hydroxyl with hydro- 
bromic acid. 

•CICH^ . CH(OCoII-)2 Oflfi - Cllg . CHO 
G JI,0 . CIL, . CHINHJ . COOH HO . GIL, . CHINH^) . COOH 


The inactive compound was subsequently resolved by Fischer and 
Jacobs® by means of the p-nitrobenzoyl derivative,* the quinine or 
brucine salt of wliich was fractionally ciystallized. * 

Although it is likely that hyd.voxyamino acids constitute an 
important pai t of the fragments oi the protein molecules, serine, 


* J. prakt. Chem.j 1865, 00, 76. 

» Ber.j 1902, 35. 3787 ; 1906, 39, 2942 ; 1907, 40, 1501. 


» Ber,, 1902, 35, 3769. 
« 2?cr., 1906, 30, 2918. 


Ber.j 1906, 30, 2644. 
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diamino-triliyclroxy-dodecanic acid, and hydroxypyrrolidine carboxylic 
acid are the only representatives of this class of substances which 
have so far been iscjlatJd. 

The larger pari of tho sulphur of most proteins is found among the 
products of hydrolysis as cystine or cysteine. The latter substance is 
the i^ulphur analogue of serine, whilst cystine is the coiTespoiirfiiig 
disulphide.* Apparently cystine is the primary product, but it may 
be partly reduced to cysteine during hydrolysis. The same reduction 
is readily brought about by zinc and dilute sulphuric acid, while, on 
tho other hand, cysteine dissolved in dilute ammonia ds readily 
oxidised by air to cystine. 

• S . CH->CD(NIL)COOII 

CHa(SH)0II(NlI,)COOlI • I 

S. CH,CH(NH2)C00n 

Cysteine. ^ Cystine 

Cysteine, unlike serine, is powerfully laevo-rotutory, although it is 
partially racemised in tjie process of hydrolysis. It is readily pre- 
pai’ed from horn or hair, which may yield from seven to ^fourteen 
per cent.* *Tho racemic form has been obtained by Erlenmeyer, jiin.,® 
by methods similar to those which he employed in the synthesis of 
serine. Ethylfornjyl hippurate, prepared by the condensation of 
formic and hippuric esters, /orms, on reduction, the ester of benzoyl- 
sSriue, and this substance yields on treatment with phosphorus 
pentasulphide a thio- derivative, from which cysteine may be obWned 
on hy^drolysis. 

CHOH ^ GII,OH 

I 

O.NHCOOoHj -> OH.NHCOC.II, 

COOO^Ss COOC„H, 

CHo.SH CH„,SH 

I / I ' 

-* CH . NHCOOgH, Cn.NH, 

COOC,H,, coon 

Fischer and*Raske also obtained it from I-serine by converting it 
• with phosphorus chloride into jS-chloro a-ainino propionic acid and 

• 

1 According to Baumann’s origiflal formulae for cysteine and cystine, the 
nitrogen and sulphur atoms were atiuched to the same carbon atoms. The 
present formula is determined hy tho work of Friedmann, Bait, cliem. PJujs. u. 
Path., 1902, 2, 433, and Neiiberg, Ber., 1902, 35, 3161. 

2 K. A. H. Miltner, Zeil. physiol. Chetn., 1899, 28, 699 ; 1901, 34, 207 ; 1904, 42, 
347. 

s Annuity 1904, 307, 236., 
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then repliicing the halogen by the SJl group moans of bi^riiinf 
hydrosiilphicle. ^ 

CHoOH . CIIfNHg) . coon CH,C1. CH(]^IIjCOOH 

Z-serine. 

-> CII^SH . CH(NH2) . COOH 

i-c3'stoino. 

Cysteine, as already mentioned, may be readily oxidised to cystine 
by passing air through the joliition. 

Cystine and cysteine are substances of considerable physiological 
importance, since many other compounds, such as hydrogen sulphide, 
methyl mercaptan, ethyl mercaptan, ethyl sulphide, tauiine, and 
other substituted sulphuric acids^are obtained by their decomposition 
through tlie agency of living organisms. 

Hefcroctjclic Ami^io Acids. a-Pyrrolidine carboxylic acid (proline) is 
the simplest member of this group of amino acids. It was discovered 
by Fischer - among the products of hydrolysis of casein and identified 
with the synthetical acid which shortly before had been obtained 
by Willstiitter,'^ by the action of ammonia upon a-S-dibraraopropyl- 
malonic ester. Since then it has been obtained by Fischer and 
Zemplen,* and also by Sorensen and Anderson,® by modificatiens of 
the phthalimido malonic ester method. 

Furtiier investigation has shown that this acid occurs among the 
decomposition products of a variety of proteins, including the prot- 
amines. It was thought at one time that a-pyrrolidine carboxylic 
acid was not a primary product of hydrolysis, for it might be derived 
from a-amirio S-hydroxy valeric acid, wliMi readily passes into pyrroli- 
dine carboxylic acid on treatment with acids. This hydroxy acid 
has not, however, been detected among the products of protein 
decomposition. » 

Moreover, Fischer and Boohner® were able to show that proline 
cannot be formed from the hydroxy acid .-by alkalis ; but nevertheless 
obtained 7-6 per cent, of proline by hydrolysing gelatine with baryta. 

a- Pyrrolidine carboxylic acid is readily soluble in alcohol, and can 
be partially separated by this solvent from most other amino acids. 
It is known in both the active and racemic forms. ‘ 

Shortly after the discovery of pyrrolidine carboxylic acid, Fischer 
found a hydroxy derivative of the sanio acid among the products of 
hydrolysis of gelatine.® The isolation of the latter is a tedious and 

' Ber., 190S, 41, 803. » Zeit. yhysioL Chinn., 1901, 33, 167 ; 1902, 35, 227. 

* i?cr., J900, 33, 1160. ■* 1909, 42, lo22. 

® Zeit. physiol, Chem , 1908, 50, 236. ■ Zeit. physiol. Chem., 1910, 06, 118. 

7 Bar., 1900, 33, 1100. 
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diiSculk process, and has only b^n accomplished in the case of a few 
proteins. It is a strongly laevorotatory substance, and on reduction 
is converted into p^Vrolidine carboxylic aci<1. Two stereoisomeric 
hydroxypyiTolidine carboxylic acids, with the following structural 
formuj^, 

HO . HC— CH 2 

H„C CH.COOH 
- NH 

have recently been synthesized’ by Leuchs,’ and one of these probably 
correspoiitlft to th^ racemic form of the optically active acid obtained 
by Fischer. 

Histidine is an interesting amino acid which has been found among 
the products of hydrolysis of many differeni proteins. It was dis- 
covered by Kossel^ among the decomposition products of a protamine 
named sturine (p. 160), and was obtained independently by Heilin 
from the products of hydrolysis of the more complex typical animal 
and vegetable proteins. The quantity is usually small, but in some 
proteins, such as globin, the yield may be as high as 10 per cent. 

Until recently histidine was classihed among the diamino acids, but 
it is now known to have little in common with these substances. 
Histidine is, in fact, an iminazole derivative which accounts for ,the 
formation of a red colouring matter when it is treated with alkaline 
solutions of diazonium salts. The generally accepted formula 
for histidine (1) which W’as adopted by Pauly *, has received support 
from the exiieriments of Knoop and Windaus®, wlw^ showed that 
)3-iminazole propionic acid (III) was formed by the reduction of the 
substance (II), obtained by the action of nitrous acid upon liistidine. 


CH-NH 

CH-NH 

OH— Nil 

li >CH 

C N 

I 

11 >CH 

C - N 

II >CH 

C-— N 

1 

CH* 

j 

CHs 

CHa 

1 

CTI(NIl'j) 

CH(OH) 

1 

1 

CH, 

1 

j 

COOH 

COOHj 

6ooh 

I 

II 

HI 


Ber., 1905, 88, 1937. 

iSeit physiol. CJfem., 1890, 22, 176. 

Zeit. physiol Chem., 1896, 22, 191. 

Znt. physiol, phtnn.j 1904-, 42, 508. 

Beitr. a. Chem. Phys. u. Path.. 1905, 7, 144 


PT, III 
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Knoop ami Windaus synthesized /?-iminazole-propionic rt?id by 
' condensing glyoxylpropionic acid with ammonia and formaldehyde. 


Clio 

NH, II 

CII— NH .. 

1 

+ + >CH 

11 >CII 

CO 

NIIj 0 

C N 

1 

OH, 


1 

■= CH, +8H,0 

j 

OH, 


CH, 

OOOII 


OOOH 


This view of the striictiiro has been fully conifrmed Jbv the re- 
markable synthesis which ws^s accomplished by Pyman' in 1911. 
The starting-point was citric acid, which was converted by well- 
known methods successively into acetone dicarboxylic acid, di- 
i.sonitrt)so acetone and diamino acetone. 

C H, . coon Cir, . coon OH : NOH CH^ . NII^ 

I " H..SO, 1 HNO., I H. I 

C(OH).COOTI CO ->■ CO --i CO 

I III 

CrTi.COOH CHa.COOH CH:NOH CHg.NH., 

In the subsequent operation Gabriel s method of synthesising^ an 
imiiiazole ring was employed, and consists in acting on an amino- 
ketone with potassium thiocyanate and oxidising the product \Yith 
nitric acid, whereby the thiol (SH) group is removed. 


CII, 

• Nil,, 

. IICI 

CH- 

-mi ^ 

cu- 

-NH 

1 


KCiNS 

ii 

^eSH HNO3 

ll 

>CII 

CO 



c — ■ 

-N 

c— 

— N 

CII,. 

NH,. 

,HC1 

1 

CH,. 

.NII.OS.NII2 

1 

CII, 

Nil, 


'riie product is then treated with nijrous acid, which replaces the 
amino group by hydroxyl, and the hydj-oxyl, when substituted by 
clilorine, enables the substance to combine with sodium chloromalonic 
ester. The product is hydrolysed, carbon dioxide removed, and the 
chlorine atom :jeplaced hy NIT 2 . 

CH— Nil CII— NH CH— NH 

1 >CH PCI 5 ;j )>cn n^3ic(cooc,h5)J1 )>gii 

0 N -»• C N -» C 

CII*. OH iHgCl OH,. COllCOOOjHs), 


' Trans. Chem. Soc., 1911, 99, 672, 1892,*2172; 1916, 109, 186. 
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CH~NH • • OH— NH 

II >CII • NH3 II >CH 
C N. • -> C N 

. CHa . CHCl . COOH CII2 . CH(NH2)COOH 

The product was finally resolved into its active constituents by 
fractional ?jrystallisatioii with tartaric acid. The laevo compound is 
identical with the natural substance. • 

Tryptophane, which was first isolated from casein by Ho{)liins and 
Oole,^ contains an indole nucleus, and therefore presents certain 
analogies with tlie aromatic as well as with the heterocyclic acids. 
Though one of the most constant coi^stituents of tCe proteins, it is 
not found in most of the protamines nor in gelatine. 

Some knowledge of the structure of tryptophane is derived from 
the fact that, on fusion with potash, it gives both skatole and indole, 
and a similar decomposition is brought about by putrefactive organ- 
isms which yield, in addjtion, indole-acetic acid and indole-pr^ipionic 
acid (II). 'jpryptophane luis been synthesised, and its reactions agree 
well with the following formula (1) : 


CTl, . CltNHj, . COOH 

/\ — cnj..cii.,.cooii 

1 

vU 

C 

<_ 

Nil 

Nil 

* I. Tryptophane. 

11. Imlolo-propioiiic acid. 


That the amino group is probj^bly in the a-position, follows from the 
observation of Hopkins, that optical activity disappears when trypto- 
X>hane is converted into indole-acetic acid. 

Tin’s view has been fyily confirmed by its S3nithesis by Ellingorand 
Flainaiid - from /5-indole aldeli^^dc, wdiich is condensed with hippuric 
acid in presence of sodium acetate, and acetic anhj^dride ; the lactone 
is obtained, which is hj'drolysed with boiling sodium h^^droxide 
solution and then reduced with sodium in alcohol, which at the same 
time h^^lrolyses the benzoyl groiixi. 

C.CIIO • C.CU^C.NrC.Cell, 

+CU^NH.COCgIIj -» I 

NH coon NH 00---0 

C . CII : C . NH . CO . CbUs C . 011^ . CH^N1I^) 

-> CoH/ Vh COOH CoII,,<^CH COOH 

NH , NH 

Jouf'n, 0 / rhysiolf 1901, 27, *113 ; 1903, 20, 451,* 


a i’cr, 1907 40, 3029 
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Tryptophane/ either in the free state or when tiombined 5 n the 
protein molecule, is readily detected by the .deep violet-blue colour 
which it yields on treatment with strong sulpharic acid and a trace 
of glyoxylic acid. A violet colour results on the addition of a small 
qu'antity of chlorine or bromine to an acid solution of tryptophane. 

The Aromatic Amino Acids (Phenjflalanme and I’t/rosine). Phenyl- 
alanine (a-amino-^-pheny Ipropionic acid) was found by Schulze ’ more 
than twenty-live yeai*s ago' in plant seedlings, and in the products of 
hydrolysis of seed proteins ; but it is only within recent years, with 
the aid of the ester methods of isolation, that phenylalanine has been 
recognized as a common constituent of the typical proteins. Phenyl- 
alanine in most respects resemides the aliphatic monamiiio acids. On 
oxidation with potassium dichromate and sulphuric acid it yields 
plien 3d acetaldehyde, wdiich is readily detected b}^ its hyacinth-like 
odour. It is interesting to note that phenylalanine, under tlie 
influence of bacteria yields pheii3'lethyiaminc, plienylacetic acid, and 
phenylpropionic acid, changes wliich closely^resenible those sustained 
by t3n-osine and tryptophane under similar conditions. »* 

Phenylalanine was lirst synthesised by Eiienmeyer and Lipp - as 
follows : phen3dacetaldehyde is converted into the nitrile of 4)heiiyl- 
alanine by the action of ammonia and hydrocyanic acid, and 3delds 
phenylalanine on hydrol3’^sis with acids, , 



• Pheii3’lacetaldeh3’de. jPhen3dalaiiirie nitrile. 

^ \ciIjjCTI(NIIa)COOH 


riieiiy^lalanine. 

A moi'e convenient synthesis from l>enzylmalonic acid luis been 
described b3' Fischer,^ who has also resolved the racemic acid into 
its optically active components. 

A third method described ])y Sorenson ‘ consists in combining 
potassium phthalimide with broniomalonic ester. This gives a sodium 
derivative in which the metal is replaced by benzyl, and the free 
acid is then l^ydrolysed, phthalic acid Ijeing separated and carbon 
dioxide removed from the malonic acid derivative. 

/COOC,H, ^ /CO .COOCJI, 

N . C(Na)< C,,n4< >N . qc^iix 

^COOqHj ^GO ^GOOOJIj 

CelljCH^ . GH(NHij) . GOOH 4 G,ni(GOOH)g 4*2C2H.,OH + CO„ 


/CO 

Ceil/ > 
^CO 


' E. Schulze and Bossliard, Ber , 1881, 14, 178»5 ; Zeit. 2Jhysiol. Ghejn., 1884, 9. (53 

* Ber., 1882, 16, 1000. ® Ber.,*L^()0, 33, 2383; 1004, 37,30(54. 

* Zeit. physiol. Chem., 1905, 4?L, 448. 
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oc<;^ 


Wheeler and Hoffmann ' have prepared it by condensing benzalde- 
hyde fvith hydantoi^^ and reducing and at the same iime hydrolysing 
the product with hydrjodic acid (see below). 

HN --CO , • HN -CO COOII 

oc<^ 

IIN- CII^ HN— C : CH . Coll., H^N . CH . CII.^ . QH, 

Tyrosi»e (a-amino-^-hydroxyphenyl-pi*opionic acid) was one of the 
earliest known protein derivatives, and, on account of the ease with 
which it may be detected, its presence has been established in almost 
all proteins with the exception of gelatine and som« of the 
protamines. 

Tyrosihe is ftadily detected by Millon’s reagent,® which gives 
a red coloration or piecipitate on wafining. This reaction is due to 
the phenolic group and is shared by other phenols, but among the 
protein derivatives no substance other thiin tyrosine reacts in this 
manner. •The test is directly applicable to proteins as well as to 
free tyrosine. • 

vTlie synthesis of tyrosine has been accomplished by ditratiiijg 
phenylalanine, reducing the resulting jpai’a-nitro derivative, and then 
replacing the amino group by hydroxyl by moans of nitrous acid.® 

\ / 


CIIjsCH(Nll2)C001I ^ OjN<^ \cH2CII(NH,JCOOH 


H„N 




CHaClHNH.,)COOH 


\ / 

It has also been obtained by Erleniiioyer's method f romp-hydroxy 
benzaldehyde and hippui*ic acid, and by Wheeler and; Hoffmann 
from anisaldehyde and hydantoiii. The action of Ijydriodic acid in 
the last stage reduces and hydrolyses the condensation product and 
at the same time remo;^es the methyl group from the methoxy group. 
HN— CO * COOH 


oc<: 




I 


HN — C : CII . C„n*OCH, H^N . CH . CH^ . CyH^OH 

In concluding this short survey of the synthesis of the protein 
cleavage products, the interesting point arises as to the relation of 
the optically adtive forms, and these again to the jjptive sugars and 
•otliei* natural products, seeing that they all occur together in the 
organism and are probably elaj^orated or decomposed by a similar 
mechanism. An attempt has been made to answer this question by 
Fischer and his co-workers by converting the active products into one 


^ Amir, Chem. J?, 11)11. 4.5, 868, 

® A solution of mercuric nitrate containing nitrous acid. 


» Ptr., 1882, 15, 1644. 
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another.' Supposing no optical inversion to occur, the following 
scheme represents the relationships : *- *■ 

« d-glyceric acid < — Z-serine — > d-alauino — ^ d-la^ftic acid 

t 1 

I-tartaric acid Z-a-aiiiino-i9-chloropropionie acid — > Z-C3'aieine — > Z-cj’stine 

Esters of the Amino Acids, The amino acid esters have acf^uired 
great importance, not onl}’’ on account of their employment in the 
synthesis of pottfpeptidcs .and other amino acid deriviitiveS*, but also 
owing to their great practical value as a means of separating the 
acids from mixtures pi oduced by protein hydrolysis. The esters were 
originally'^prepared by tlie action of alkyl iodides upon the acids, but 
this method has a limited ai)plication a‘nd is no longer used. Curtius 
showed that the .amino acids were readily eonverte<f into tlie hydio- 
chlorides of their esters by tlie action of hydrochloric acid and 
alcohol, and in some cases the free esters were obtained from the 
salts by treatment with silver oxide. A more practical method for 
the isolation of most of the esters is th.at devised b}^ Fischer,'* who 
found that the crude hydrochlorides can bg decomposed at .a low 
tempenafure with c.iustic soda .and may then be extracted by ether 
from the solution, after satur.atiou with potassium carbonate. 
Another method employed by Fischer of separating the esteri^ from 
their hydrochlorides is to add the calculated Ciiiaiitity of sodium 
ethoxide in .alcoholic solution, whilst Lovene® uses barium hydroxide 
ii\ i)laco of caustic soda. The free estere may be purifiod by distilla- 
tion under low pressure/ Some amino acids, e. g tyrosine, requiijp 
special methods for the lil)eration of their esters, while in the c.ase of 
the esters dt‘ histidine and the diamino fyjids it is impossible to effect 
purification ])y distillation. 

The esters are strongly basic liquids, with a peculi.arly unpleasant 
smell. They form crystalline s.alts with i^^ds and are readily 
hydrolj'sed b}'^ water or .alk.alis. They are very reactive, unsUhlo 
substances, and are converted into dit;^topiperazine derivatives on 
long st.anding, or better, ]jy heating to 100®. Glycocoll ester, for 
example, is readily transformed into 2. 5-dikeiopiperazine. 

Nil. Nil 


/ 

JI.C 

■| 

KOOC 


COOR 



NH, 



Glycocoll ohter. 2 . 5-Dikctopipor«zine. 


» Ber., J007, 40, 1057, 3717; 1908, 41,893; Freundeiibejgr, JJer *1914, 47, £027. 

* Ber.f 1901, 34, 433. ^ Levoiio and. van Slyke, J. Biol, Chcm.y 1909, 6, 419. 

* E. Fischer, Bur., 1901, 34, 433. 
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It is possible to effect a partial separation of the esters by frac- 
tional distillation. ,Tlie investigation of the products of hydrolysis 
of the proteins, so far 41s it concerns the wono-amino acids, is accoin«. 
plished by boiling the protein with strong hydrochloric acid, 
evaporating under diminished pressure, and then treating the residue 
witjj alcohol and hydrogen chloride. The free esters are extrapled 
as described above and are then distilled in vacuo. The different 
fractions are then hydrolysed and examined for the corresponding 
amino acids.' The boiling-points of some of the more important 
amino acid esters are given in the following table : 


Ethyl Ester. 

• 

.®* 

Prmwre 

ztf mm. 

Glycine 

51*6°- 02-0° 

10 

Alanine 

48-5 , 

10 

«f/-Viiline 

(>3*5 

8 

Leuciiio and Prolino 

83-5 

12 

Z-Aspartic^eid 

12C-f> 

11 

d-Gliitamv« acid 

139-140 

10 

{/M^honylnlanine 

143 

10 


Polypeptides. ^Tho fact that the proteins break up on hydrolysis 
by acids and alkalis into amino acids renders it X)robable that they 
are united in the Ibriii of amides in which the carboxyl group of 
one amino acid is linked to tho amino groui> of another, aild this 
fiew is supported by the fact that nitrous acid evolves little free 
nitrogen (no free amino .grouj) is therefore pi*esent), ajnd that the 
in’oieins give the biuret re.-fttion, a reaction iDeculiar to tliose sub- 
stances which contain amide groux)ings. * 

The fi]-st systemati^. attempt to link together in chains a series of 
amino acids in this way was made by Ourtius.' He found that 
glycine ester, carefully separated from its hydrochloride and dissolved 
in dry etlier, deposited a soJfd substance on standing which gave the 
biuret reaction and hence was termed biuret base. It i)rovecl to be 
triglycylglyciiie ester. 

NHg . CH2 . CO— Nil . CH, . CO— NH . OH3 . CO— NH . 011 ^. COOC2H., 

Biuret base. » 

Later, he prepared mixtures of benzoyl glycylglycines containing as 
many as six glj^cyl radicals by Seating together benzoyl chloride and 

' The practical details of these operations will bo found in papers by Fischer 
and others in tl^^p Zeit. physiol, Chem.j vol. 33 ct seq., and in The Ch^nical Constitu- 
tion of the Pt'oteinSf Part I, by B. H. A. Plimmer, Longmans, 1912. 
a Ber.j 1904, 37. 12S4. 
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from which the amide can be obtained by hydrolysis, but*there is no 
means of removMig the carbethoxyl group. If, however, th^ end 
ii^mino group is protected by uniting it to a hal«!>gen acid chloride the 
amino acid may then be converted into the acid chloride by the 
action of phosphorus pentachloride, using acetyl chloride as solvent. 
The. halogen in the halogen acid chloride is treated with animcnia 
after union with the new amino acid has been effected. 

For example, a-bromisocaproylglycine, treated with phosphorus 
pentachloride and acetylchlOride, is converted into an acid chloride 
from which a number of polypeptides ma*y be prepared. Thus, on 
condensation with glycylglyciiie ester it forms a product which gives 
the tetrapeptide, leucyldiglycylglycine, on hydrolysistand siihs»"q^uent 
treatment with aniinonia. * 

CILv 

>CIICn^CIIBrCO.NHGHXOOH 

cn/ 

CII.v 

' >CIICH..CHEIiCO.NIICH,CO01 -> 

. ' ch/ 

CHn 

‘’NcUCH.,CHBiCO . NHCHjjCO, NIICILCO .NHCILCOOH -* 
OH/ 

OH, 

'’'>CHClI.CIT(NH.j)CO . NIICn.,CO . NHCILCO. NHCII 2 COOH 

oh/' 

I leucyldiglycylglycine. 

It will be^readily understood, from the examples given above, that 
an almost infinite^ number of polypeptides can be obtained by com* 
billing various amino and diamino acids in their active and inactive 
forms. Among the compounds prepared in ifhis way Fischer has 
obtained a polypeptide with as many as IS*" amino acids linked 
together in a chain. As a class, they show a close resemblance to 
the natural peptones ; the majority are holiilile in water ; with the 
exception of some of the di- and tri-peptides, they give the biuret 
reaction ; they are precipitated by phos])holungstic acid ; they have 
a bitter peptone-like taste and are readily hydrolysed^ by acids, and 
in many cases by trypsin, forming amino acids (see p. 77). Jhe ^ 
closest resemblance to the natural peptones and proteoses is found in 
those polypeptides which have a long chain composed of different 
amino acid radicals. 

Protein Derivatives, Proteoses and Peptones, ^he proteoses 
and peptones are substances formed by the jiartial hydrolysis of 
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proteins, and their relation to the proteins may he compared to that 
existfng betwef^n the di- and tri-saccharoses or the dextrins and 
starch. They are cojnmonly prepared by the peptic digestion of' 
proteins. After# rc'in oval of any unchanged coagulalde protein, the 
<liiFerent proteoses are fractionally salted out with ammonium 
sul^fiate.' After complete saturation with aminonium sulphate- the 
li Urate which contains the peptones is evaporated, freed as far as 
possible "from aminonium 8ul[>hate, and the peptones precipitated 
with alcohol. As will be seen from tli» mode of preparation, the 
proteoses and peptones are distinguished by their diflereut solubili- 
ties in salt solutions. They may be further identified by the biuret 
test and^the action of nitric acid. The proteoses give a reddish- 
violet biuret reaction, and are precipitated by dilute nitric acid in 
the cold, especially in presence of sodium chloride ; the peptones 
give an intense pink biuret reaction, and^ are not precipitated by 
nitric acid nor l)y many protein precipitants. 

The peptones have a lower molecular weight than the proteoses, 
but exact determ inatioi^s are in most cases still wanting. Jliey are 
readily diffusible substances, and in this respect show a great con traflt 
to the proteoses, wliich diffuse but slightly, and to the proteins, which 
are iioii-ditrusible. 

A groat many flifferent peptones have been described, but the 
nieihods employed for their isolation are such as to lead to the belief 
that most of them represent mixtures of closely related bodies vather 
idian individual su))stances. 

In recent years, by a process of graduated hydrolysis through the 
combined action of ouzymff'S and chemical reagents, t'ischer and 
others liavo succeeded in isolating a number of the^impler proteoses 
or peptones ]>eloiiging to the class of polypeptides described above. 
Thus, ill conjunction /itli Abderhalden,* he obtained from silk-libroin 
a tetrapeplide consisting of two molecules of gtycine, one of /-tyrosine, 
and one of t/-alanine ; Levey^ and Beatty ■■ discovered glj'cyl-proline 
anhydride among the products of the tryptic digestion of gelatine ; 
Osborne and Clapp ‘ a compound of phenylalanine and proliiie by the 
acid hydrolysis of gliadin (p. 1G4) ; and Abderhalden,'* by partial 
• 

• 

V ^ The protoosos accuiiUiig to Kuliiic’s clu8si Ileatiou uru divided into primary 
(protalbumose and hetero-albumoae) and secondary proteoses, and it was believed 
that the primary proteoses on further hydrolysis were converted into secondary 
proteoses and cvoiitiially inti> peptones. The task of separating the diileront 
prot»‘Oses lias been atteinptod hy many chemists, but cannot be referred to here. 
It is improbable that the substances obtained were chemical individuals. 

2 Sifsuiigsher, Akad, ir/ss. Btrlin, 1907, 30, 574. 

* Ber.j 190(5, 30. 20C0. * Amur, J. FhysioLf 1907, 13, 123. 

» Zvif. physiol Chmi., 1909, 58, 373, 02, 316. 
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hydrolysis of edestin from cottoii-seed, several di- and .tri-peptides 
containing glutamic «*icid and trypto*|)liane togcthei' with leAciiie, 
one containing tyrosine, glycine, and leucii\e, and many others. 
Attempts have been made to prepare these? compounds syn- 
tlietically. Fischer,* for example, obtained glycyl d-alanyl glycyl 
Myrpsine, and glycyl Myrosine glycyl d-alanine, which contaih„tho 
four amino acids of the tetrapeptide of silk-iibroin, but they are not 
identical with the natural product, a result which may lie due to 
a wrong arrangement of th*: amino acid radicals or to the product 
being a mixture. The dipeptide of Osborne and Clapp w.as, however, 
obtained by uniting /-prolyl chloride with /-phenylalanine ester and 
hytlrolysis of the resulting ester. Mikaproteins inqj^ude substances 
such as acid and a'lkali albumins^ which are formed by the action of 
acids and alkalis on certain jiroteins. Little is known of the structure 
or relation of these two substances. 


The Classification of the Proteins. Many diifprent schemes 
of classi(ication have been proposed, but, ow^ng to our ignorance of 
tiie constitution of the proteins, they are all more or less artilicial. 
It is generally believed that the amino acids, which constitute the 
products of protein hydrolysis, aro linked together in the pVotein 
molecule, as in the polypeptides, by the union of tlie amino group 
of one molecule with tlie carboxyl group of another. In the case t>f 
aliphatic nionamino acids the ty^pe ot grouping may be represented 
as follows : • 


H 


R 


— IIN--C— 'C— N II— C- C— 

li o i ^ 


Even if it is assumed that this simple type of amino acid condensa- 
tion is the only one present in the protein molecule, it is clear that 
the combination of the different types of amino acids, obtained on 
hydrolysing proteins (p. 135), must give rise to extrbmely complex 
systems. There is, however, no reason to suppose that other types of* 
grouping may not be present. E. Fischer suggests the possibility of tho 
presence of piperazine groups in the protein molecule, ring formations 
of this character being easily accounted for by the elimination 


‘ i?er., lyos, 41, 850, 28G0. 
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of ^?ater front a, complex. of two amino ac^d molecules, as 
follows : 


fflgN . CII . CO . Nil . GH . COOH 


^CH-CO. 
HN^ >NH 

\CO— CH^ 


It is also possible that the hydroxyl groups in the hydroxy-amino 
acids are not present in the original protein molecule, but'are derived 
from aiyiydridss formed b}’ intramolecular condensation. 

As previously stated, the extren^ly limited ex'teiit of our know- 
ledge of the molecular structure of the proteins renders a scientific 
system of classification at present impossible. Nevertheless a system 
may be devised which is based, not on the properties of the individual 
proteins, but on thei^* products of hydrolysis. For example, the 
j>rotamiiies, a group of»basic protoins obtained from fish spermatozoa, 
commonly yield more than SO per cent, of diamino acids, and orjy 
small quantities of monamino acids, whereas the majority of more 
com|)lex proteins yield relatively little diamino acids and a large 
proportion of monaniino acids. (An idea of the composition of the 
products of hydrolysis of some tj^pes of proteins may be obtained 
from the accompanying table (p. 158).) Unfortunately the data 
^concerning the nature and proportion of the various amino acids, 
derived from dillerent i^roteins, are insullicient to serve as the sole 
basis for a system of cbissflication. But there is an afldilional fact 
upon which an arrangement may be based. MaifJ’ complex j^roteins 
on gentle hydrolysi^ are resolved into two portions, one essentially 
protein and the othei' nonqirotein in chai’acter. An example of such 
a substance is furnished by the blood-jugment, oxyhannoglohni, which 
is readily resolved into ^ i>rotein substance, glohin, and an iroii- 
conbiining non-]n*otein substance, named Imematin. These complex 
proteins whicli contain a non-protein portion are termed conjugated 
proteins, whilst the groups in the original molecule Avhich yield the 
non-proteiii substance are termed prosthetic grou^)s. It is therefore 
possible to sub-divide some of the proteins into different classes 
according to the nature of thfir prosthetic groups. 

The following scheme for the division of the proteins into six main 
classes must be considered as a convenient rather than a strictly 
scientific ar&ngement. 

(1) Protamines. 

(2) Histones. 
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(8) Albumiljs and globulij^s. 

j(4) Glutelins and ^liadins. 

(5) Conjugated, proteins (nucleoproteinSi chromoproteins, gluco-* 
X)roteins). 

(^5) Phosphoproteins. 

(7) Unclassified proteins (scleroproteins). 

(8) Protein derivatives (inotaproteins, proteoses, peptones, poly- 

peptides). 

A si)ecial description of, the general proi>erties of each of these 
classes of substances, except group 8 wliich has alreadyiibeen dis- 
cussed, is found in the following pages, together with a few details 
of soniS 6f the Aoro important individual substcinoes. 

The Protamines and Histones. The protamines^ comprise a 
small number of proteins which have a Very limited distribution. 
They ar? far simider in oonstitution than such i)rotoins as ogg- 
nlbumin, and their projlterties show corresponding differences. They 
occur in combination with nucleic acids (p. 165) in the*form of 
nucleo-proteins, which constituto practically the whole of the head 
or nupleus of the spermatozoa of certain kinds of fish. 

Those substances were first investigated in 1874 by Miesch(‘r, who 
obtained an impure protamine from salmon testicles, but, although 
he accurately determined the chief cliaractcristics of the base,, these 
<^irly observations were overlooked. The detailed study of the prot- 
amine group is almost entirely due to Kossel and his pupils. 

The protamines are foumj only in the spermatozoa of%i few kinds 
of fish, among which the salmon, herring, sturgeon, mackerel, and 
carji are the most important. They are prepared by extracting the 
ripe spermatozoa wit/l dilute sulj^huric acid and precipitating the 
filtered solution with alcohol. In this way a crude protamine 
sulphate is obtained as a white flocculent precipitate which is only 
moderately soluble in water. On concentrating a solution of the 
protamine sulphate, a clear, colourless oil settles out, which contains 
most of the sulphate. This oil can be separated and the protamine 
further purified by conversion into the pic rate. 

^l^he protamines are strongly basic substances wlAch absorb carbon 
dioxide from the air, and forn^ fairly well-defined, S23aringly soluble 
salts with platinic chloride, cupric hydrate, and silver oxide. Their 
aqueous solutions are not coagulated by boiling, but precipitates are 

^ A complete *accouut of the protamines together witli the whole of the 
literature will be found in a ^Sammel-Kcferat’, Kossol, in the JUioi/umisches 
CerUralhiaUf 1900, v, pp. 1 an<ji 33. 
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formed by the usual protein precipitants. such as phosphotun^stic, 
chromic and picric acids, and potassium ferrocvanide. 

The proportion of nitrogen (25-30 per cent.) in the protamines 
is higher thsin in any other class of proteins, but they contain neither 
phosphorus nor sulphur. With the exception of cyclopterine and 
cyprinine the protamines do not react with Millon s reagent, and 
tyrosine is not found among their products of hydrolysis. 
Cyclopterine gives the Adamkiewicz reaction, but the tryptophane 
complex is uniformly absent from the other members of the group. 

With o::e exception they all yield remarkably large amounts of 
arginine on hydrolysis, and this fact no doubt accounts for their 
strongly basic properties. The following table ^ contains tlie main 
results of these investigations. 


Hydrolytic Pivducts of tlie Protamines. 


Sottree of 
Protamine. 

JSfame of 
Protamim. 

1' 

-S 




1 , 

1 ^ 

* s 

£ 

§1 

,5: 

V 

•S 

u 

S 







CO 




Mackerel 

Scombrine 

S8.S 

__ 


6.8 


_ 

3.8 

1 

Salmon 

Salmine 

87*4 

— 

— 

— 

^2 

I 6 

13 


Herring 

Clupeine 

89 0 

— 

— 


+ 

+ 

+ 

— 

Sturgeon 

Sturiiio 

631 

84 

11.8 

+ 

— 


1 

+ 

Carp 

Cyprinine 

8*6 

303 

— 

9 

? 

+ 

? 

9 


It will be soon that among the products of the hydrolysis of 
salmine, clupeine, and scombrine, about *38-89 per cent, of the total 
nitrogen is found* as arginine, and a further 10 per cent, is present 
in the form of monoamino acids (alanine, serine, aminovaleric acid 
and proline), but lysine and histidine are absent." Thus the products 
of hydrolysis, which have been identified, I’epivsent almost the whole 
of the original protamine. This is a mat'jer of some interest, because 
in the case of the more complicated pi-oteins it has so far been 
impossible to account for more than about 70 j>er cent., and freciuenily 
very much less of the original material. 

Salmine, which has been more completely investig..ted than the 
other protamines, consists approximately of 10 mols. arginine, 
2 mols. serine, 1 mol. a-aminovalerio acid, and 2 mols. proline. 

^ The numbers express the percentage of nitrogen present as amino acids 
compared with the total nitrogen. 

* The details of these metliods, which depend essentially upon the varying 
properties of the silver salts of histidine, arginine, and lysine, will be found in 
papers by Kossel and his pupils in Iho Zeit. physiol. Ohem. (Cf. especially Kossel 
and Kutscher, 1900. 31, 165.) 
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Thes^ results are in agieement with a formula such as C 8 iIIi 55 N 4 gOi 8 
with a minimal moUhcular weight of 2045. Although in the present 
state of our knowledgtf this formula can obviously have no claim to 
exactness, it at least indicates the extreme complexity of even the 
simi^lf^r proteins. 

By the regulated action of acids and enzymes, it has been possible 
to prepare substances intermediate between the protamines and 
amino acids. These substances have been called and the name 

suggests a relationship to the protamines 'Which may be regarded as 
similar to that existing between proteins and peptones. Th s protones 
give the biuret reaction and resemble the simple polypeptides in 
most respects ; ^p to the present, however, little progress has been 
made in the effort to obtain them in^a well-defined form. 

Faintly alkaline solutions of the protamines yield precipitates 
with coagulable proteins and certain proteoses which bear the closest 
resemblaiKe to the naturally occurring histones. The latter are 
substances of great biological significance, and, like the protamines, 
are found in combination with nucleic acids. The more iiiiportant 
histones have been prepared from the nucleated red blood-cells olf 
birds, ^ from certain animal glands, especially the thymus,^ and from 
the spermatozoa of^the cod, mackerel, sea-urchin,^ and certain other 
fish.^ It appears that the ujiripe testicles of all fish contain histones, 
btft in a few cases the process of ripening is accompanied by a 
conversion into protamine, although generally the histone persists. 

*The histones are distinctly basic substances with a high percentage 
of nitrogen (17-20 per cent.). Their properties vary considerably 
according to the source from which they are derived, and, as 
a consequence, the group as a whole is not very" clearly defined. 
The histones show resemblances to the protamines on the one hand, 
and to the coagulable proteins and proteoses on the otlier. In 
most cases their solutions are not coagulated on heating, except 
in the presence of salts, and their basic character is inferred from 
the fact that most of them are precipitated by ammonia. On 
hydrolysis, the histones yield a larger proportion of basic products 
than the typical coagulable proteins, and this is clearly in harmony 
with the view that they are to be regarded as occtfpjdng a position 

Kossel, Zeit. Tphysioh Chem.. 1884, Q, 511. 

Lillienfold, Zeit. physiol. Chem.j 1894, 18, 473; Lawrow, Zeit, physiol. Chem.^ 
18 )9, 28, 388. 

Matthews, Zeit. physiol. Chem.f 1897, 23, 399. 

There are various special ways of obtaining the histones, but one common 
method is to extract the compound of histone and nucleic acid with water. 
The histono is liberated from the nucleic acid by means at hydrochloric acid 
and then precipitated by ammonia. 

* 


PT. Ill 



162 


THE PEOTEINS 


intermediate between the protamines and the proteins* of tlie egg- 
^ albumin type. Thus, the histone prepared frdm the spermatozoa 
of the codfish (Gadus-histone) yields, on hydrolysis, 26*8 per cent, 
of its nitrogen in the form of arginine, although many typical 
proteins yield less than 10 per cent. 

Globin, the main protein constituent of haemoglobin, exhibits 
many of the properties of the histones and may be considered as 
belonging to the group, although it only contains 20 per cent, of 
diamino acids, which consist mainly of histidine. It will be referred 
to later u-ider haemoglobin (p. 167). 

The Albumins and Globulins. Albumins and globulins are 
coagulable proteins forming the more important constitue?its of the 
majority of animal and vegetable tissues. They contain sulphur, 
little or no phosphorus, and, with the exception of a carbohydrate 
group, no other prosthetic group. They may be regarded as the 
most typical proteins. Although a large number of albumins and 
globulins are known, it will be impossible t*o do more than indicate 
Iheir general properties and consider one or two selected substances 
in slight detail. 

Albumins are specially characterized by their solubility in distilled 
water, and by the fact that they are salted out ifrom solution much 
less readily than the globulins and most-other proteins. Salts, such 
as magnesium sulphate and sodium chloride, fail to precipitate the 
albumins, but they are precipitated by complete saturation of their 
solutions with ammonium sulphate. The most important niembei's 
of the grohp are egg-albumin and sejuili-albumin, both of which 
have been obtained in the form of well-defined crystals by salting 
out an acid solution with ammonium sulphate under certain special 
conditions.’ It is, however, doubtful if the •crystalline compounds 
so obtained are identical with the products as they occur in nature. 
More probably a very slight amount pf alteration has taken place 
during ci'ystallization, and the crystals represent a salt formed by 
the combination of the albumin and the acid used in the process. 
The chemical difference is apparently so slight that at present 
it has little practical importance. The products qf hydrolysis of 
serum- and egg-albumin include the majority of amino acids, e:fcept 
glycine, and consequently all the typiccil protein tests are given by 
those albumins. Both, on hydrolysFs, yield glucosamine in addition 
to the other products, and from egg-albumin it is said that as much 
as 10-11 per cent, is obtainable.^ The vegetable ^albumins, e. g. 
leucosin and legumelin of seeds, though soluble and coagulable, are 
more easily precipitated by salts, as a rule, than the animal albumins. 

* HofmeisiGi*, Zeit. physiol, Chem,, 1889, 14, 163 ; F, G. Hopkins, Journ. ofPhyaidl., 
1895, 23, 180. 
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Tlie globulins, whicli are much more numerous than the albumins, 
are a very importsftit class of substances. They are found in the 
blood, in most aniinal*tissues, in eggs, and traces also in milk, and* 
include a large *number of vegetable proteins. As far as ultimate 
composition and products of hydrolysis are concerned, they can 
scarcely be distinguished from the albumins, but the globalins 
contain glycine and, in addition, the two classes exhibit very 
diffei'ent solubilities. The globulins possess the remarkable pro- 
perty of dissolving in water containing sdliall quantities of inorganic 
salts, but they are precipitated when the salt concentrj^tion falls 
below a certain level either by dilution or dialysis ; ' they are 
insoluble* in pure water and dilute acids, but rpadily dissolve in 
alkaline solution, from which they may be precipitated by weak 
acids, so that they appear to be feebly acid substances ; they are 
much more readily salted out from solution than the albumins, and, 
unlike th/' latter, they are precipitated by saturation with magnesium 
sulphate or by half-saturation of the solution with ammonium 
sulphate. * • 

Serum-globulin, which is perhaps the most carefully investigated 
of the globulins, is prepared by adding an equal volume of 
saturated ammonium sulphate solution to blood-serum. It is an 
unstable substance, readily passing over into insoluble modifications 
which do not dissolve in dilute salt solutions. Serum-globulin is 
probably a mixture of many different globulins. 

• The globulins give the typical protein reactions, and their products 
of h 3 "drolysis include all the common amino acids. Most of the 
globulins yield, on hydrolysis* a substance of a carbohydrate character, 
which, in the case of egg-globulin, has been identified as glucos- 
amine. 

Keference must be made to thyreoglobulin, the remarkable 
globulin of the thyroid gland. This substance, which was dis- 
covered by Baumann, has all the properties of serum-globulin, but 
contains a considerable though varying quantity of iodine.'** The 
iodine appears to be contained in a prosthetic group, for on 
hydrolysis with acids or enzymes an iodine-rich substance (14-2 per 
cent.) named ^iodothyrin is liberated. Both tl»e globulin and 
* iodothyrin have remarkable pharmacological properties, possessing 
great curative value in cases c3l myxoedema and cretinism. 

Some of the muscle proteins and a protein circulating in the 

’ A discussion of this and other properties of the globulins from the standpoint 
of physical chemistry will bo found in the Royal Society Croonian Lecture for 
1905 by W. B. Hardy, and Jouni. of Physiol. y 1905, 33, p. 251 ; also J. Mellanby, 
Joum. of PhysioL, 1905, 33, p. ^38 

Oswald, Zeit. physiol. Chem.^ 1899, 27, 14 ; lOJl, 32, 121. 
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blood, named fibrinogen^ show close analogies to the glojnilins. 
They have the common property of clotting *at low temperatures 
and forming two insoluble proteins, myosin inAJihrin. The muscle 
proteins liave been investigated by Halliburton ' and von Eurlh,^ 
whilst fibrin, on account of its connection with the phenomenon 
of blood-clotting, has attracted the attention of a large numbbr of 
chemists. 

Many vegetable globulins have been carefully studied, and our 
knowledge of these substaiices is in some cases more complete than 
of the an;mal proteins. The early investigations were made chiefly 
by Ritthausen,” and have been continued by Osborne ^ and others. 
Some of tliem occur, or have been obtained, in the tirystalKire form, 
and oiler promising material for further investigation. Perhaps the 
most important members of this group are cdestbiy which has been 
prepared from the seeds of hemp, flax, linseed, cotton, and from other 
sources, excelsia from the Brazil nut, suwd. phascolin from the kidno}”- 
bcan. The substances obtained from these various materials are all 
very similar and closely resemble the animal globulins. ^ 

The Glutelius and Gliadius. This group of proteins have a 
vegetable origin and are usually present in thfj seeds of difterent 
plants. The glutelins are insoluble in, neutral aqueous solutions, 
in saline solutions, and in alcohol. They yield on liydrolysis 
12-20 per cent, of glutamic acid and 5-10 per cent, of arginine and 
leucine. The gliadins (gliadin, hordein, and zein) are soluble in 
alcohol, but not in water, though their sa/ts with acids and alkalis 
dissolve readily. , They are found in the seeds of all cereals. Gliadin 
of wheat and rye and hordein of barley contain more glutamic acid 
and less arginine than the glutelins. Zein i?^ obtained from maize 
and contains more leucine and less giulaiiiic acid than the other 
gliadins. 

The Conjugated Proteins. The proteins are more complex sub- 
stances than any of the proteins which have so far been considered. 
They are resolved by the action of acids or enzymes into two parts ; 
one of these comiituents is either a protamine, a histone, or a ^still 


> HalliburLon, Jmirn. of PhtjsioL, 8 , p. lUS ; von FiirLh, Arch, exper. Path, w* 
Pharm.y 1895, 30, 231. 

H Ritthiuiseii, Die Eiwnsskorper der Getreidreaclen, HilUenfriichte \md O^ameny 
Bonn, 1872. 

® T. B. Osborne. Many papers in Amer, Chem. jQurn.y Journ. Amer, Chem. Soc., 
and Arnej’. .7ou»7i. of PUytiiul., from 1892, and The Vegetable Proteinsy Monographs on 
Bioclieini-slry. Longmans, 1909. , 
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more gomplex protein ; the other may have a widely varying nature 
and is known as the group. 

The proteins may ^be* divided, according to the character of these 
groups, into thrfie main classes — nucleoproteiiis, chromoproteins, 
and glucoproteins. 

Nitcleic acids represent the prosthetic group in the first class of 
substancei| ; they are characterized by the presence of a large amount 
of phosphorus, and yield, on hydrolysis, many interesting products. 
The prosthetic group in the chromopA)teins is represented by 
coloured substances, while’ the glucoproteins contain carl^oliydrate 
groups. 

Tite Nucleqpwieins. The simplest nucleoproteins are found in 
the spermatozoa of fish and have been carefully investigated by 
Miescher, Schmiedeberg, and especially by Kossel.' Tliey may be 
regarded as salts formed by the union of a basic pi*otein, which 
is either Vi protamine (p. 159) or histone (p. 159), with nucleic acids. 
This compound of proton and nucleic acid may represent as much 
as 96 per cent, of the drf matter in the head, or nuclear poj^tion, of 
the spermatozoa. Nucleoproteins of a somewhat different type have* 
been prepared from a very large number of animal tissues, and, of 
these, the preparations derived from the thymus and pancims have 
been most carefully studied.^ The proteins in these nucleoproteins 
are usually much less basic than those obtained from spermatozoa. 
The practical details of the preparation of nucleoproteins from animal 
tiSsues leave it doubtful whether they are single individuals, and, as 
a consequence, the principal interest is transferred to thei nature of 
their prosthetic groups. * 

When a iiucleoprotein is carefully hydrolysed by pepsin, it is 
found that a portion of the protein is rapidly removed, leaving an 
insoluble substance, known as nuclein, which, however, still contains 
a certain amount of protein. On further hydrolysis, either with 
dilute acids or with trypsin, the remaining protein is removed, and 
nucleic acid and protein decomposition products remain in solution. 

The nucleic acids are strongly acid substances which contain a 
high percentage of phosphorus. On hydrolysis with acids at high 
temperatures tliey yield a variety of intciesting f>roducts, which 
include phosphoric acid, pyrimidine, and purine bases and carbo- 
hydrates. The successive sta^s in the hydrolysis of a nucleo- 
protein may be represented as follows : 

> Miescher, -4rcJ. exper. PaJth., 1896, 37, 100; Schmiedeberg, Arch, exper. Path., 
1900, 43, 57 ; Kossel, many papers in Zeit. physiol. Chem., and Ber. from 1893. 
A monograpli by Burian on the eliemistry of Spermatozoa in Ascher and Spiros* 
Brgebnisse der Physiologic, vol. iy, p. 48, 1904, should be consulted. 
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Nucleoprotoin 
(Pepsin hydrolitsis) 


/ 

Nnclciii 

(Trypsin Itydrolysis) 


Protoin ^ec(^mposition 
p^oduct^f 


J \ 

Nucleic acid Protein decomposition products 
(Acid hydrolysis) 


Phosphoric acid 

Pyrimidine bases (thymine, cytosine) 
Purine bases (adenine, guanine) 
Oarbohydrato 


Among the pyrimidine bases, thymine and cytisine h/i\e been 
identified (p. 108)! ^ 

The puiiiie bases include adenine and guanine. The carbohydrate 
group has been definite^ identified as d-ribose (p. 16). 

A simpler form of nucleic acid, which is found in certahi organs, 
yields on hydrolysis phosphoric acid, ribose, and guanine, and has 
been caljed guanylic acid, and another, known as inosinic acid, breaks 
»:p into the first two substances and hypoxanthine. * 

The structure of these and the more complex nucleic acids have been 
very fully discussed by Levene and Jacobs.’ A simple nucleic acid 
composed of one molecule each of acid, base, and sugar they call a 
mono-7mcleotide. Guanylic and inosinic acid belong to this class and 
are represented by the formulae : 

tHO)^Or . OOII^ . CH . CII(OH) . OH(OH) . Oil . 

c o 

^ Guanylic acid. 


(H0)20P . OCH 2 . C H . CH(OH )^ CH(OII) . C H . CjHaON, 

Inosinic acid. 


After splitting oif phosphoric acid, the compound of sugar and base 
which remains is called a nucleoside. Guanosin is guanine-6?-riboside 
and adenosin is adenine-d-riboside. A guanine hexoside has been 
obtained by Levene from thymus nucleic acid.® Such compounds 
have been recently prepared synthetically by Fischer,'* by combining 
acetobromoglucose with the silver compounds of tho bases (p. 47). 
Adenine glucoside, for example, has &e probable formula : 


* Per., 1910, 43, 3160, 3164; 1911, 44, 746, 1027 ; Jones a'nd Read, J. Biol. 
Chem.y 1917, 29, 111 ; Jones and Kennedy, Ahsir., 1919, i, 294. 

» J. Biol. Chem., 1912, 12, 378. » Ber., 1914, 47, 210, 1058. 
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I HO 


N==C.NH„ 

■ In, 


II II >CH 
N---C.N 

^ • Adenine glucoside. 

More recently Fischer* has succeeded in synthesising a definite 
nucleotidd by introducing the phosphoric acid residue into theo- 
phylline glucoside by the action of pjiosphorus oxychloride in 
pyridine solution. It has the formulae 


^6^1105 


(HO),OP . G,IIo05 . 

The mpre coiiiplex nucleic acid derived from yeast is regarded as 
a combination of four nucleotides ^probably link*ed as anhydrides 
of the phosphoric acid group) in wliich two pyrimidine and two 
xanthine bases are present. 

Chromoproteins. Very few coloured protein substances are known, 
and of these, haemoglol^in, the rod colouring matter present in the 
blood of vertebrates, is*the only one which is widely di^ributed. 
Haemocyahine is the main constituent of the blood of the octopi;« 
and similar animals, and resembles haemoglobin closely in many 
respects. It is an interesting fact that both these proteins contain 
metals in their prosthetic groups. Haemoglobin contains 047 per cent, 
of iron, whilst haemocyaiiin contains 0*38 per cent, of copper. 
A few other coloured proteins from lower types of organisms have 
Uteen described, but they have not been fully investigated and will 
not be referred to here.’* The chroinogenic group in all coloured 
proteins is probably contair^d in the prosthetic group, and not in 
the protein part of the molecule. • 

Haemoglobin. Haemoglobin consists of a colourless protein, named 
globin, united to a coloured prosthetic group. Perhaps the most 
remarkable property that Iniemoglobin possesses is its ability to 
enter into combination witix certain gases, among which oxygen, 
carbonic oxide, and nitric oxide are the most important. The 
product of the combination of haemoglobin and oxygen is known as 
oxyhae'imglobin. It was long ago obtained in the form of well- 
defined crystsfls, and has been the subject of numerous investiga- 
tions. Many methods have been devised for its preparation, so that 
it can be obtained more readil^j^ and in a purer state than is possible 
with most of the other proteins.’ 


» Ber.^ 1014, 47, 3193. 

* See Vergleiche^ide cltemisclie Physiologie der nicderen Ti&re, by von t’iirth : Gustav 
Fischor, Jena, 1903. 

» F. N. Schulz, Zcit. physiol. Gh&n., 1898, 24, 449. 
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Both oxy haemoglobin and haemoglobin crystallize in ^many 
different forms, almost all of which belong to the rhombic system, 
and are obtained from the blood of various animals, but, on repeated 
crystallization, the forms interchange, so that it is* not certain that 
the different crystals represent differently constituted subst^ances. 
Solutions of haemoglobin and its derivatives have been exaufined 
spectroscopically by a large number of investigators, and sjiow well- 
defined absorption bands, details of which will be found in text-books 
on Physiological Chemisti^. 

The fapt that haemoglobin solutions exert a distinct osmotic 
pressure has already been mentioned, and the question of its 
molecular weight, deduced both from osmotic pre.f3ure dotormina- 
tions and from the proportion' of iron in the molecule, has also 
been discussed (p. 129). 

A great many elementary analyses of haemoglobin have been 
made, and the following numbers are selected from closely agreeing 
analyses of horse haemoglobin by Hoppo-Sey?.er, and by Nencki : 

^ a = 54-8 ; H = 7.0 ; N = 17-2 ; S = 0-65 ; Fe = t‘47. 

On gentle oxidation with potassium ferricyanide, haemoglobin is 
converted into an interesting substance known as nieihaemoglohin. 
It has been obtained in crystals, and is isomeric wi'..h oxyhaemoglobin, 
but, unlike the hitter substance, the oxygen cannot be removed by« a 
stream of natural gas. It is found in the urine in disease, and may 
be identified spectroscopically. On reduction, it is reconverted int> 
haemoglobin. 

^ f t- 

The Jiesoliilion of Oxyhdenwfjlobin into t Globin ana Haematin. The 
protein, globin, is very loosely combined with its prosthetic group, 
haematin, and the resolution of oxyhaemoglobin is brought about by 
very weak acids. This decomposition was observed as long ago as 
1864 t)y Stokes and by Hoppe Seyler. More recent experiments 
have shown that oxyhaemoglobin may be decomx>osed by the action 
of acids, in the presence of alcohol and ether, in such a way that the 
colouring matter is dissolved by the ether, while the protein remains 
in the aqueous portion. The haematin is present in very much 
smaller quantity than the globin, as may be seen from- the following 
approximate numbers ' : globin = 94*1 % ; haematin = 4*5 %. It is 
found that small quantities of ammonia and fatty acids of the acetic 
series are formed at the same time. The nature of the union 
between globin and haematin is quite unknown; but it is almost 
certain that it is not that of a simple salt. >> 


^ Lawrow, ZttiU physiol. Chem,f 1898, 26, 843. 
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Gl^bin is'a curious protein which has been shown by Schulz ^ to 
closely resemble thfb histones*(p. 159). It is soluble in acids, but is 
precipitated by ammonia. It contains a high percentage of nitrogen* 
(16-9%), and, oli hydrolysis, yields a large proportion of bases 
(histidine = 11 %, arginine = 54 %, lysine = 4-3 %). The amount of 
histtdine is larger than that found in the products of hydrolysis of 
any of t^e common proteins. The other products of hydrolysis 
of globin ® are given in the table on p, 158. 

llaematin and Us Derivatives, A lar^ amount of work lias been 
done by Kuster, Piloty, H! Fischer, and Willstatter with ^he object 
of determining the nature of.haematin ; but its exact constitution is 
still obscure. Although the preparation of haeinatin in the pure 
state presents considerable diflicalties, a crystalline substance, 
Imemin^ closely allied to it, is easily obtained. If a drop of blood is 
warmed on a microscope slide with glacial acetic acid and a trace of 
common -salt, it is found, on cooling, that a quantity of small dark- 
brown plates and prisms separate out.* These crystals are composed 
of haomin^and are prodticed by the action of hydrochloric a«id upon 
haeinatin, jiroviously liberated from the haemoglobin by the acetiS 
acid. A process for the prepai’ation of large quantities has been 
devised by Schalf6^ew ^ which does not differ in principle from tlie 
micro-chemical method. . 

^Oocidaiion of Haeinatin, The investigation of the oxidation pro- 
ducts of haemaiin has been carried out by W. Kuster and his phpils.^ 
iSy acting upon haematin dissolved in acetic acid with sodium 
dichromiite, two acids were obtained w'ith the formuli^e 0 gH 9 N 04 
and CgHgOg. Both of these*substances were termed haematinic acids, 
and eventujilly proved to be the anhydride and imide respectively 
of carboxyethylmethylmaleic acid. 

CH,.C.CO.,H GIT;.. C- CO 

11 II >NH 

HOjjC . CHjs . CIIj . C . COgH HOaC . CHjj . CHa . C - - CO 

Carboxyethylmethylmaleic acid. Haematinic acid (1). 

CH,.0-C0 

il >0 

HOjC.CHa.OHjs.C— 00 
Haem.'itinic acid (.II). 

« 

' Zeit. physiol, Cheni,, 1808, 24, 449. 

* Abderhalden, Zeit. jyhysiol, Chem., 1903, 37, 484. • i i. a r 

s The formation of liaomin crystals constitutes the best chemical tost tor the 
detection of blooa and is used in conjunction with the spectroscopic method. 

< Chem, CeniralU,^ 1885, 18, 232. 

6 Annttlen, 1906, 345, 1, and earlier papers. 
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The structure of the haematinic acids follows from the fact th jt the 
imide, C^HgOaN; obtained by heating haemattnic acid (II) with 
^ammonia at high temperatures, is identical 'ftrith the synthetically 
prepared imide of methylethylmaleic acid, and tlie ^ame product is 
also obtained by the dry distillation of haematinic acid (I). Both the 
haematinic acids have been converted into methylethylmaleic anhy- 
dride, and haematinic acid (II) ' and methylmaleic anhydride have 
been synthesized. The changes may be represented as follows ; 


pHa-C— CO 

>NH 


HOaC . CH 2 CH 2 C— CO V CII 3 -C-CO 

ll. >NH 

CHa— C— CO / CaH,,— C— CO 




.CH,— C^-CO 


li 


>0 


II >0 

HOaC.CHaCH„C-CO 


NH, 


/ 


C,H5-C-C0 


Methylelliylmaleio 

anhydride. 


The relation between haeinin and haematin is indicated to some 
extent by the following observations. Haematin is obtained- from 
haemin by the action of caustic soda, and, o'li the other hand, 
haematin is converted into haemin by the action of hydrochloric 
acid;* consequently, haemin is frequently spoken of as haematin 
hydrochloride. This, however, is incorrect, as apparently a hydroxjl 
group is replaced by chlorine. Moreover,^!! haemin is heated with 
aniline, hydrochloric acid is removed*' a product named dehydro- 
haematin being foVmed which is not identical with haematin. 

Haematin and haemin, as previously mentioned, conbiin a con- 
siderable quantity of iron, but this is readily removed by the action 
of strong acids, leaving an iron-free pigment named haematoporphyrin. 
The reaction may be represented as follows : 

O 3 H, 204 N 4 t'<iCl + 2nBr + 2H,0 

Haemin. 

•=C„3ll3,OcN, + FeBr*+IICl 

Haematoporpliyrin. 

«■ 

4 

» Kuster and Weller, Ber., 1914, 47, 5S2 ; Zeil. physioL Chm., 1917, 99, 229. 
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Haematoporphyrin, on partial reduction with hydriodic acid, yields- 
mesQj^Oi'phyrm: * 

= C33H3PC4N4 + 2II2O 
Haematoporphy r in . Mesoporphy li n. 

On further reduction with hydriodic acid, the mesoporphyrin ia 
converted into a volatile compound, haemopyrrole,^ which is probably 
a mixture of pyrrole homologues consisti&g mainly of two dimethyl 
ethyl pyrroles. , 

From recent researches of-Willstiitter and M. Fischer® it appears 
that if Series ftf additive compounds of haemyi with hydrogen 
bromide is first formed, .which, •on hydrolysis, yield haematu- 
porphyrin. The latter substance has been obtained in ciystals and 
its anal^^sis and molecular weight correspond to the formula 
With alcoholic potash in presence of pyridine it loses two 
hydroxyl groups and gh’^es liaemoporphyrin C33II3CO4N4, from which, 
on distillation with soda-lime, two molecules of carbon dibxide are 
eliminated, giving aetiqporphynn^ C3iIl3(jN4. Aetioporphyrin is 
specially interesting, seeing that it is identical with the substance 
obtained from aep.ophyllin^ a degradation product of chlorophyll 
(see j). 178). , 

* These substances are of the greatest interest, not only in connec- 
tion with the structure of haeniatiii and of chlorophyll, but also with 
ftiat of bile and urinary pigments. Haematoporphyrin is found 
occasionally in the urine ^esj)ecially after sulphonal poiscfltiing, which 
produces considerable blood destruction) and i&jio doubt derived 
from haematin, sot free from haemoglobin. Mesoporphyrin is pro- 
bably identical with a substance described under the name of 
liaematoidin, which was discovered by Virchow in 1847 in blood 
extravasations, and also with hilinibiUj which is one of the best- 
known bile-pigments. 

The relation of haemoporphyrin is that of a dicarboxylic acid of 
aetioporphyrin, wliereas haematoporphyrin is regarded as a dihy- 
droxy haemojgorphyrin. 


' Those and other allied invostifeations by Nencki and his pupils are pub- 
lished in many different journals, but all will be found in Neucki's Collected 
Works {Gesanunelte Arbeiten von M. Nencki, 2 vols. Vieweg & Sohn, Braunschweig, 
1905). • 

Zeit pJiysiol, Chein.j 1913, 87, 423, 
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HC-CH 

' 0 (i " 

11 > < 1 ' • • 

CjHj.O— C C— CH 

yo 

c.,ii,-,.c=-c c-c.Ojng 

\nh hn/ j 

Clla.C-^C 0 --C.CII 3 


CH, 


CH, 


Aetioporpliy ri n 

c„h«N,. . 


CH,.C— CII 

i > 

C3H,.C-C 


HC=CII 

U 

< -11 

C— CH 


> — 

CO3H . CH., . CH., . C:^ -C C ■ C . GH. . CH. . CO.H 

‘ I \nh iin<( I 
CII3 . C--C c— C . CH3 


CH, 


CH3 


llaemoporpliyri]* 

C33II35O4N4 . 


Now it appears that iron cannot he eliminated from haemin until 
hydrogen bromide has been introduced into the molecule, and this 
is explained by a change from a nitrogen to a carbon linking thus : 


C 


-C 




\\ 

y 


The formula pi-oposed for haemin explains the production of an 
additive compound with two molecules of hydrogen bromide, the 
loosening of the bridged nitrogen ring, and the subseqitent formation 
of a dihydroxy-dicarboxylic acid. 



'the conjugated proteins 


j 73 
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C]i ; CH HC : CH 
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OOOll . CHjj . CH, . C-=— -c c --=C . CH, . CH^ . OOOH 

• j \n— P o— N<^ I 

CH, . C==C I ^C===C . CH, 

f Cl I 

CH 3 CH, 

Haem ill 
C33XI3AN4FCCI. 


lie -==CII 


CH3.C oil 

1 

1 

il \n 

il /. 

N^ 

■■'I 

C3H,C — .C \ 

/ O’ 

OH 

*>^r 7 

C,H,.C :C •/ 

•c< 


6- 

=0.0, H, 

V 

1 \N-Mg- 

.N<( 

1 

I 

cii3.a=c'^. 

c- 

=--o.on3 


I I 

CH3 CH3 

Aotiopliyllin 
C,iH„N;Mg. 

• r 

Alongside the formula fof haemiii is placed the one suggested for 
aetiophyllin, a degradation product of chlorophyll ^(see below). 

Chlorophyll. As we have just seen, certain of the decomposition 
products of chlorophyll bear a close relationship to those of haemo- 
globin, and a brief account of this interesting colouring matter is 
therefore appended. Chlorophyll has been the subject of many 
investigations by Hoppe-Seyler, Schunck and Mai’chlewski, Nencki, 
and more recently by Willstaiter and Stoll, whoso brilliant researches 
have now been collected in book form and constitute one of the great 
cla&ics in the domain of structural organic chemistry. “ 

Chlorophyll, which is apparently identical in all plants, consists of 
two crystalline substances, chlorophyll a, which gives a bluish-green, 

* Willstaiter jfnd Fischer, Annalen, 1911, 382, 129; 1913, 400, 147. 

* XlntersiicUungm Hher Chlorophyll^ by K WillsUitter and A. Stoll. Springer 
Berlin, 1913. 
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and chlorophyll 6, a yellowish-green solution. They may frac- 
^ tionally separate'd by using two solvents (methyl alcohol and petro- 
leum ether), and each of these gives rise to a co|Tespondiiig series of 
derivatives. 

Action of AlJcalis on Chlorophyll, The action of alkalis and acids 
is strongly differentiated. With alkalis, the chlorophylls, whicB are 
dicarboxyl ic esters of phytol^ C20H39OH, and methyl ab^ohol, are 
hydrolysed. If the phytol is eliminated, the monomethyl ester 
which remains is termed chlorophyllide. On further hydrolysis, 
chloroph^illide yields green-coloured salts of acids, the, chlorophylUns 
containing three carboxyl groups, one •being present probably as a 
lactam group. , • • • 

In the reaction with alkalis, fthlorophyll passes through a brown 
phase, the green colour changing in the case of chlorophyll a to a 
yellowish-brown and in that of chlorophyll to a red, when finally 
they return to the original green chlorophyll colour. This change is 
explained by the presence of a lactam group which oijens and reforms 
in a neu? position. The original group may*be marked ; ^ 

y y 

NH— CO 

I . I 

It may undergo hydrolysis and the carbdxyl y enter into union with 
another nitrogen group 8, or another carboxyl a may combine with 
nitrogen 7. The hydrolysis takes place differently if carried out iri 
the cold o^;^ with concenti'ated alkali at a^ higher teinx^orature, and, 
may be represented by the following scheme : 

8 y ^ 

NH— CO COJI 

I I .1 

MgN,C„II,,C02H 

Clilui’opliyllin a. 

7 a 7 

Nil— CO 00 ,H 

I I . .1 ' 

MgNAiII,oCO,H 
Lsu-chlorophylliii a. 

Each of the chlorojDhyllins is further decomposed by alkali at 
different temperatures into three constituents, the ph^tllins in which 
the lactam group is removed. Iso-chlorophyllin yields cyimophylUn 
with two carboxyl groux>s, giving a blue solution ; crylhrophyllin^ with 


CO . OCgoH;,^ Nh -CO 


MgNaC;i,II^, CO . OCHg 

Chloiopliyll a. 


/ 

\ 
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two carboxyl groups, giving a red solution ; and with one 

carboxyl group, •giving a bluii^-red solution. Chldrophyllin gives a 
similar series, naniel^r, gJaucophyUin, rhodqphyllin, and pyrqpJiyllinf* 
distinguished by* similar differences in the colour of their solutions. 

With soda-lime the last carboxyl group is removed and aetiophyllin 
is fot’med. Chlorophyll h undergoes a similar, though by no means 
identical, ^scries of transformations, but gives the same end products, 
namely, pyrophyllin and phyllophyllm. 

These changes may be formulated as^follovvs, the lactam group 
being represented in the formulae by NH . CO : 


Phaeopliytin a V 


Chlorophyll a 


. CO)(CO,CIl3)(COAoIl3o) 


hyto 

(/■i' 


I 

n «- Chloropliyllin a Iso-chloropliyJlin a -> Phytochlorin e 

md u) I [MgN3C3,ll33](NHCO)(CAII)2 I 

I ^ 

Glaucoporpliyrin <- Glaucophyflin Oyanophyllin -> Cyanoporphyrin 

1 fMgN,C3»H33](C03H)a | • 

Rhodopoj'phyrin «- Khodophyllin Erythrophyllin -> Erythroporphyrin 

[MgN.OaAJCCO,!!)* 

Pyrroporpfiyriii «- Pyrrqphyllin Phyllophyllin -> Phylloporphyrin 

^ iMgN.Cs.lUCO^H 


Aetiojfbrphyrin 

[OsiHsoNO 


Aetiophyllin 


Phaeopliytin & <-• 


-y— Chlorophyll b 


LMgN,C 3 ,Ht, 03 ]fC 03 CH 3 )(CO,C 2 oH, 3 ) 


^ I 

Phytorhodiii «- Clilorophyllin 6 Iso-chlorophyllin b Phytorhodin j|P 

(if and i) I [^lo^^iC 33 B[ 330 a](C 02 lI )3 ^ 

Rubiphyllin Rubiporphyrin 

[MgN,03,H33]CC03H)3 


Pyrropnrphvrin Pyrrophyllin Phyllophyllin Phylloporphyrin 

[MgN,o„n33](co3n) 


Action of Acids on Chlorophyll, Chlorophyll contains magnesium, 
which, though stable in prese|ice of alkalis, is readily removed by 
mineml acids and replaced by two atoms of hydrogen, and the same 
change is applicable to the various derivatives. The magnesium 
may be restored by the action of Grigiiard’s reagent (magnesium 
methyl fluoride or iodide), and in certain cases by heating with 



ir6 


THE PROTEINS 

I 

magnesii'i. When chlorophyll a is heated with acid it yielcjp the 
magnesium-free pliaeophytin a ’ 

C,,lT,,ON,(CO,CH,)(CO,a„II^). 

Iso-clilorophylliii gives pliytochlorin and the various phyllins, corre- 
sx^onding porphyrins as indicated in the above table, so that the final 
product of both chlorophylls is aetwporpUyriny containing neither 
magnesium nor oxygon. 

During the extraction of chlorophyll by alcohol, Willstatter and 
Stoll made the interesting observation that the alcoholic solution 
contains ATI active esterifying (and, at the same time, hydrolysing) 
enzyme, chlorophyllase, which replaces phytol by the alcohol used in 
extraction. With methyl alcohol as solvent, chlorophyll forms 
methyl chlorophyllide the crystalline neutral ester 

MgN^OaallaoCCOaCtLOa. 

Structure of Aetiophyllin and Aetioporyhyrin. As aetiophyllin con- 
tains no oxygen, ihe magnesium is probably united to nitrogen. 
Phylloiiorphyriii, on oxidation, yields methyl ethyl maieinimide and 
' haematinic acid, whoso constitution is known and has already beeu 
discussed under haematin (p.lG9). The porphyrins, on reduction, 
give haemopyrrole, a fact first demonstrated by Nencki and March- 
lewski. But haemopyrrole is not a single substance, but a mixture 
of three iTyrrole derivatives, namely^ an ethyl triniethyl and i\yo 
isomt^ric dimethyl ethyl iDyrroles of the following skeleton structure : 


Clio — .C^II^j 

on, — 0,11. 

ClI, 

chJ>^^'gii3 

chI 1 * 


NH 

NH 

NH 

Phyl lo-pyrrole. 

Tso-haemopyri‘ole. 

Krypto-pyrrol e. 


Aetioporphyrin will probably be a compound of four x)yrrole 
nuclei. Moreover, from the deficiency in hydrogen, these nuclei 
must be so combined and substituted by double bonds or the forma- 
tion of rings that eight atoms of hydrogen less are required than if 
single bonds were i)resent. These considerations lead to the skeleton 
framework 




CHJiiOROPHYLL 


hh 


If 4o this' three methyl an^ three ethyl groups are added, as 
determined by the nature of the oxidation products, and a further 
methyl group from tliat of tiie reduction products, the amount of 
hydrogen remaining will necessitate two double bonds or two carbon 
rings or one in each. Thus, aetiojihyllin and aetioporphyrin will be 
most* satisfactorily represented by the following formulae : 


• 

I 1 C--CII 

1 1 

CI-I3 . C— CH 

(tc 

!l V 

n/ I 


il 11 

C2P5.C — 0 C— OH 


CoHg . C-:-C 

C-C . C,!!* 

1 

HN<( 1 

CHa.C^C 

C- -C . CIIj 

1# 

1 

CH, 

CH3 


Aelioporphyriii 

C,.U„N.. 


CHj . 0 — CH 


Hc -on 

u 

II 




CgH-, . 0 — C \ / 0 — CH 

CaHj . \ / C -^C . 0«H, 


CH, . 0=^0 


^N— Mg- N<^ 




CIL 


Aotiopliyllin 

C,,H3,N4Mg. 


C=C . CH, 

in. 


The investigation is far from having reached its final stage, 
nor ^re the views put forward here as to the dbmposition and 
structure of chlorophyll and its derivatives universally admitted. 
There are many facts which ^require elucidation, and no doubt 
modifications in the above formulae will have to be introduced Avhen 
our knowledge ^ more complete. As, however, the study of chloro- 
phyll has been mainly the work of WillstS,tter and his collaborators, 
we have recorded his view on the structure of the chlorophyll 

PT. Ill * N 



17a THE PROTEIJ^S 

denvatives as being the best authoritative expression of the r^ults 
j which have been so far obtained. ^ 

The Glucoproteins. It has long been known that certain proteins 
yield, on hydrolysis, substances giving the reactions of carbohydrates, 
but the nature of these substances, which constitute the prosthetic 
groups of the glucoproteins, was obscure. The study of the carbo- 
hydrate groups of the proteins is of great x)hysiological interest, and 
their investigation was stimulated by Pavy’s discovery that certain 
typical proteins, such as egg-albumin, yield, on hydrolysis, reducing 
sugars. More recently it has been asserted thai carbohydrate groups 
occur in a variety of proteins, but great caution is necessary in 
accepting this st'itement, for it is common to find thde as the 
purification of tho protein becoriies more thorough, the projDortion of 
carbohydrate obtained on hydrolysis rapidly diminishes. In many 
cases, however, the presence of a carbohydrate group has been 
demonstrated, and its nature satisfactorily determined. 

The more important of the glucoproteins ^re known as mucins and 
^piucoids. The mucins are viscid, tenacious substances wh’ch are pro- 
duced and secreted by the epithelial cells of animals ; they also form 
the chief constituent of the intercellular material of connective tissue. 
They are readily soluble in dilute alkalis, but are reprecipitated by 
acetic acid. The mucoids resemble the mucins in most respects, but 
they.iare not precipitated from their alkaline solutions by excess of 
acetic acid. F. Muller succeeded in isolating from muciiie a substance 
which gave the carbohydrate reactions and identihod it as glucos- 
amine, while subsequent investigators have shown that it is somewhat 
widely distributed, and may constitute a large part of the glucopro- 
tein molecule. Mucine of the trachea and mucoids from white of 
egg and ovarial cysts yield from 30 to 40 per cent, of glucosamine. 

Glucosamine has long been known as a constituent of chitin, 
a substance which forms the exo-skeleton of many invertebrates, and 
its structure has recently been determined by Fischer and Leuchs,^ 
who were able to synthesize it from arabinose. Arabinose, on treat- 
ment with ammonia and hydrocyanic acid, yields the nitrile of 
glucosaminic acid, and the lactone of this acid, on ^reduction with 
sodium-amalgam, gives glucosamine. Glucosamine has also been, 
converted into glucose, and its genetic relationship with the carbo- 
hydrate established (p. 54). The relative space arrangement of the 
amino group is still undetermined. 


1 Ber., 1903 , 36 , 24 . 
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, CH^OH 
HO— O— H 
HO— <>— II 
-(i— OH 


HV-C 


Clio 


Arabinose. 


CH.Oll 

* • I ■ • 

HO-C!— H 

. • I 

110— C—H 
II— d—OH 
CIIlNIIa) 
UN . 

Nitrile of 
gl ucosaiii i n ic ^ cid 


CH..01I 

I 

no c— II 
no— c— H 

H— C-OII 
CHCNiy 
COJI 

Ciliicosaiiiiniu acid. 


Cll.,011 

Iio-C— ll 

no- d — 11 

I . 

H- c— on 

I 

C11(NII„) 

Clio 

i2-GjflCO;SclllllUu. 


Two modifications of the penlacet.*fteancl hydrochloride art known, 
so that glucosamine may possess a lactone structure as suggested by 
Irvine/ in which case it should exist in two forms. 

Glucosamine jnay be regarded as intermediate between the carbo- 
hydrates and the amine acids, and is probably a secondary product 
derived from the hydrolysis of a more complicated carlfohydrate 
group ill the glucoproteiii molecule. Thus Leathos® was able to 
isolate from ovarial mucoid a substance which resembles a disaccha- 
rose, and which, on hydrolysis, yields glucosamine and a hexose. 

It has been adverted tjiat many other prosthetic groui)S exist 
in* glucoproteins, but further investigation is greatly needed. 
Sohmiedeberg prepared from cartilage mucino a complicated sub* 
SuancG coiitainiiig sulphur which could bo cunvorted by hydrolysis 
successively into a substance named chondrosin, and inti) chondros- 
amine and glycuronic acid. Levene and La Forge’* have shown 
that cliondrosamine is isomeric with glucosamine and is probably to 
be represented as a Z-allose- or /-altrose-ainine. 


Fhosphoproteins. The phosphopruteins, as the name indicates, 
are proteins which contain a considerable proportion of phosphorus 
(0-5- 1*5 per cent.). In this respect they resemble the nucleoprotoius 
with which they wem formerly classified, but they are siuu'ply 
differentiated from them by the fact that, on hydrotysis, they yield 
neither purine* bases, pyrimidine- bases, nor pentoses. The most 
important members of this group, all of which are closely relatedf 


1 Trans, Cfiem, Soc., 1912, 101, 1128. 

* Archiv exper. 1899, 43, 245. 

s J. BifA. Chem., 1918, 15, 73, 156 ; 1914, 18, 124 ; 1916, 20, 433 ; 1916, 26, 143 ; 
Hudbon and Dale, J, Amer. Chem. Soc., 1916, 38, 1131. 
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are casein, the chief protein constituent^ of milk, vitellin, found in the 
^yolk of eggs, and icMhulm, found in the eggs pf fishes. 

The phosphoproteins are distinctly acid substances, insoluble in 
water, but readily soluble in alkalis, forming definite salts.^ Solutions 
of these salts do not coagulate on heating, but the protein is i^adily 
precipitated by acids. When casein is digested with trypsin, or with 
1 per cent, caustic soda, almost the whole of the phosphorus is 
removed, in the latter c.ase as an inorganic phosphate ; but with 
trypsin, about two-thirds remains in ^ organic ’ combination.^ 

The phfDsphoproteins yield all the ordinary protein reactions, and 
may be readily salted out from solutioms by means of ammonium 
sulphate. Tlie products of hydrolysis of casein hav4’ been ’feiy care- 
fully studied, and, with the exception of glycine, almost all the usual 
amino acids have been isolated. Tyrosine and tryptophane are 
present in large proportion, and, in addition, Fischer and Abder- 
halden liave isolated an acid named diaminoti'iox 3 'dodecauic acid, 

I 

A 

** Unclassified Proteins (Scleroproteins). A large number of sub- 
stances closely allied to the typical proteins are known, but cannot 
be classified under any of the above groups. ' It has hithertd been 
customary to name them * albuminoid ’ substances, the term indica- 
ting their resemblance to the typical proteins. Their exclusion frdm 
the nlaiii group was due either to their physical properties or to their 
failure to respond to such tests as the Millon or Adamkiewicz rb- 
actions. A further study of both the true proteins and the ‘ albumin- 
oids ’ has shown that the distinction between the groups is no longer 
tenable, for there is no clear line of demarcation, and no chemical 
tests will serve as a satisfactory basis of separation. Many of these 
unclassified proteins are insoluble substances, forming important 
constituents of the skeletal parts of living organisms, but they are 
not found in animal cells, blood, lymph, or similar fluids. They are 
all hydrolysed by acids, and many of them also by enzymes, yielding 
proteoses, peptones, and a variety of .amino acids. The proportions 
of these amino acids vary considerably, which, no doubt, accounts 
for the physical differences between the members of this group and 
the typical coagulable proteins. A few of the more important of 

L 

’ The sodium salt of casein is found in comniorce under the names ‘plasmon* 
and ‘ nutroso 

* Bayliss and Pliminer, Jown. of Phyaiol., 1006, 33, 439. , 

* 'rhia appears to bo identical with the caseiiiie acid of Skvaup, Ber., 1904, 37, 
1696. 
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tlies|> substances are mentioned below, but for detailed information 
special text-books must be cdhsulted. * 

Gelatin is obtainedP by the action of steam upon the insoluble 
protein found in bone and cartilage. On hydrolysis it yields a very 
large quantity of glycine (16 per cent.) ^ and a large amount of 
proline, but neither tyrosine, cystine, nor tryptoiihane. Keratin is 
the main constituent of hair, hoof, horns, nails, <S:c. It is a very in- 
soluble substance, and is remarkable for the large amount of sulphur 
it contains. On hydrolysis it may yield^is much as 14 per cent, of 
cystine.® A similar substance, known as ncurolxratin, is found in 
nerve-fibres. JClastin is contained in the yellow elastic fibres of con- 
nectiv.e tissue a^d yields on hydrolysis large amounts of leucine, but 
scarcely more than traces of the diamiiio acids.^ Fihrosin, or silk 
fibroin, and sericin, or silk gelatin, are the protein constituents of crude 
silk. The two are separated in silk by extracting tJie silk-gelatin by 
boiling with water under pressure. The silk-fibroin which remains 
yields on hydrolysis m/>re than 36 per cent, of glycine, 21 per cent, 
of alanine, and 10 per cl^nt. of tyrosine, but leucine and the diamino 
acids are present in very small quantity, and glutamic and aspartic 
acids appear to be completely absent.^ Spongin is an insoluble i^rotein 
found in si^onges, and contains a large proportion of iodine. 
s 

• 

* Protein Metabolism.^ The use of protein as a food-stuif is so 
general in the animal kingdom that it is interesting to inquire into 
the chemical changes which the material undergoes and its elfect in 
nutrition. The subject lias been carefully studied for d number of 
years by many workers. , 

In the first place, Abderhalden has established conclusively that 
the protein in process of digestion is completely hydrolysed, so that 
the building up of the protein molecule from the amino-acid frag- 
ments must be carried out within the organism. Moreover, by 
examining the blood before and during digestion, van Slyke has been 
able to prove that it is in the form of amino acids that x>i‘otein 
synthesis begins. For it is not only possible to distinguish between 
the more com];>lex polypeptides and amino acids and so determine 
th^r presence or absence in the blood, but it is fofind that only the 

latter undergo metabolism and disappear, whereas the former, when 

* 

> E. Fisclior, Aders, and Levene, Zeit. physiol. Chem.^ 1902, 36, 70. 

2 K. A. H. MOnier, Zeit. physiol Chein.j 1901. 34, 207. 

" Kossel and Kutselii^r. Zeit. physiol. Ckem., 1898, 25, 651 ; Horbaczewski, Zeit. 
physiol. Chem.j 1882, 6, 330. 

* E. Fischer and Zeit. physiol. Cht^n,, 1901, 33. 171 ; 1902, 35, 224. 

B F. G. Hopkins, T'tam. Chem. Soc , 1916, 109, 629, and Annual lieport^ 1916. 13, 
208. • 


t 



18^, THE PEOTEI^S 

introduced into the blood-stream, are excreted unchanged. Thu fact 
being established,' the next point of interest has been to discover the 
amino acids which are essential or otherwise to tjie process of nutri- 
tion, the effects of their absence, and the special rdle which they play. 
This branch of investigation has been carried out chiefly byrF. G. 
Hopfcins in this country, by Osborne and Mendel and M<*Oormin 
and Davis in America, and by E. Abderhalden in Germany. » Hopkins 
fed rats Avith a dietary containing known amino acids in certain 
proportions. When the alnino-acid mixtoe comprised the whole 
assembly ^jcontai lied in typical protein, growth was always main- 
tained, but if hydrolysed casein (in which on hydrolysis the trypto- 
phane is decomposjed) is administered, loss of weights ensuesp- and the 
iuiimal ultimately dies. On the other hand, the addition of small 
quantities of tiyptophane, such as occur in the x>roducts of enzyme 
hydrolysis, i)rodLicos normal growth. The animal appears unable to 
synthesise the indole ring. In another case both arginine and histi- 
dine were removed, and loss of weight again ‘took place, which was 
restoi’ed \vhen these substances were replacecl. On the otjier hand, 
Fio such effects follow in the absence of glutamic and aspartic acids, 
which are present to the extent of 30 per cent, in casein products. 
It is probable th;it in this case the animal dispenses with these sub- 
stances because it possesses the necessary machinery for their 
synthesis. Tyrosine is another acid with which the animal can dis- 
pense, for gelatin, which yields none on hydrolysis, can, with the 
addition of tryptoi)hane, produce growth. This result may be ex- 
plained by the presence of phenylalanine, nvhich the organism can 
convert into its h^^droxy derivative, although the small quantity of 
the former has led to the view that to make up the deficiency the 
benzene ring is synthesised. Although, as previously stated, the 
absence of histidine and arginine cause decrease in weight, if either 
is present the curve of body-weight rises. That the two should be 
apparently interchangeable seems not improbable from a comparison 
of their closely i elated structure. Moreover, it seems from Hopkins’ 
experiments that these two protein products play a special part in 
purine metabolism. 

The work of Cteborne and his collaborators ' is chiefly conceivned 
with the nutritive value of different pure vegetable proteins of known 
amino-acid content whereby a similar Selective effect has been demon- 
strated. Like Hopkins, he finds that proteins deficient in trypto* 

• 

> Zeit. physioL Cftem.j 1912, 80, 307; Journ, Biol, Chem, 1912, 13, 283, and 
other papers. 
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phanj (phaseolin, zein, and gelatin) diminish the animal weight, 
whereas most of the other animal and vegetable proteins, especially 
lactalbumin, produce Sin increase, and concludes that the animal* 
organism is incd|)ab]e of synthesising cyclic amino acids, for which 
it is dependent on vegetable proteins. In this he includes tyrosine 
and ^phenylalanine ; but subsequent researches seem to point tc^ the 
synthetic^power of the organism being capal)le of elaborating both 
compounds (see above). Seeing that such very different proteins as 
gliiidin, edestin, and casein aro deficienP-in either lysine, glycine, 
phosphoproteins, or purines, the activities of the aniinal^orgaiiism 
must be utilized in the synthesis of these substances. 
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CHAPTER V 

I THE TERPENES AND CAMPHORS 

I 

The Terpeues. The terpenes are hydrocarbons of the formula 
^loHie, which are found widely distributed and in considerable 
quaniitiesf' in the essential oils of plants. They occur in different 
parts of the plant, sometimes singly, soirtetimes two or more together, 
and very frequently associated with sesquiterpenes CJ 5 H 24 , hnd with 
closely allied compounds containing oxygen, such as thymol and 
earvone^ CiqHi 40 , cmcoZ, fenclione, thujone, and camphor, 
tcrpineol and borneol, C,(,HiyO, menthol, CjoHgoO, &c. A more com- 
plete account of these oils is given in the section on natural and 
artificial ^perfumes (p. 259). 

, The terpenes have been the subject of careful and* elaborate 
investigation during the last twenty years, chiefly at the hands of 
Prof. Wallach, who has devoted himself with signal success to 
unravelling the tangled web of facts scattered ‘through the literature 
of the subject, and to developing methodsk of identifying the members 
of this large family of isomeric compounds. He has, moreover, 
tr<aced the relations which subsist between them, and brought our 
knowledge to a point at which the difficult problems of structure 
may be considered to be within measurable’ distance of solution. 

Properties of «tlie Terpenes. More than a dozen distinct com- 
pounds of the formula CjoHuj are at present known ; among which 
are d~ and l-limonene and the racemic form of dipentene, terpinolene, 
a- and p-terpinene and a- and p-phellandrene, d-sylvcsfrPMe, and its in- 
active form, carvestrenc, dd-npinene, ppinene, dd-campliene, bornylene, 
fenchene, sahinene, thujene, &c. With the exception of terpinolene, fen- 
chene, bornylene, carvestrene, and thujene, they are found in nature. 
Camphene and bornylene are solids at the ordinary temperatures, but 
the remainder are liquids which distil unchanged at temperatures 
varying from to 185°. They have a high refractive i^dex 
(146-147) and a low specific gravity (0-84-0’86). 

They appear to be all cyclic comt^ounds standing midway as to 
properties between benzene hydrocarbons and the olefines. On the 
one hand they form additive compounds with the l)|alogens, halide 
acids, nitrosyl chloride, nitrogen trioxide, and tetroxide, and, on 
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the oyier, they are convertible into j)-cymone, and in a few cases into 
m-cymene. By exhaustive b^omination and subsequent reduction 
with zinc and hydrpclfloric acid, and then with sodium and alcohob * 
according to the^method of Baeyer and Villiger,’ limonene has been 
converjed into jp-cyinene and sylvestrene into w-cymene. 

* ^ 2HBr ^ tt tt*-. lOBi* ^ yt i-i Zii + HCl 


Na + Ale. 


CioHi^Br 


CioHi, 


Classification of the Terpenes. In accordance with our present 
knowledge of their structure, which is partly derived fji^iu their 
optical characters, activity, molecular refraction, and magnetic rota- 
tion, but* mainly from their chemical behaviour,, the terpenes are 
separated into a mono-cyclic and a Ijt-cyclic group. The first group 
may be regarded as dihydro-derivatives of p- and m-cymene, , 

or, what is synonymous, as unsaturated derivatives of iiexahydro- 
cymene or meiithane, Ci^Hgo. 

For purposes of nomenclature 
the latter view is ado 2 )te(f, and 
the members of the group are 
desciibed as menthadiems, that 
is, menthane with two double 
linkages. The position of tliQse 
linkages is indicated in the 
usual way (Part II, p. 397), by 
the use of A in conjunction 
with the numbered position 
of the ten carbon atoms. 


Cr 


C7 


;0 


0 

o/‘\ 

0 

I 

C8 

/\ 

9C CIO 




'^08 — Cio 
90- 


It will be at once perceived how very large a number of x^ossible 
menthadienes can be derived from these two skeleton structures. 
To take the case of p-menthadiene, there are fourteen isomers which 
may be rejjreseiitod for brevity by the following formulae. 




% 


/^ 1.8 ^ 1.4 



^I.» ^1.4. (8>* ^ 2.4 ^2.6 

(2 geom. isomers). 


» iter., 1898, 31, 1401. 2067. 
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^2.4.(8) ^2.11. (9) ^S.l.(7) ^S*8.(9) (®> 

(2 gcom. isomorB). ^ 

* Tliw bracketed numbers indicate the second carbon attachment of the 
double bond outside the nucUus. 


Corapdkinds of this class are naturally able to combine with two 
molecules of halogen, halide acid, &l5. Thus, limonene forms a 
dihydrobromide, * . 2nBr, with hydrogen broniide, and 

a tetrabromide, C|oH,(jBr 4 , with bromine. The second group of 
bi-cyclic compounds can, on the other hand, only unite with one 
molecule of halogen and halide acid, and, for this and other reasons 
to be presently discussed, they aro assumed to have a bridged-ring 
structure. Three bridged rings are now recognized as the basis of 
the second group, and the corresponding saturated hytilrocarbons, 
CkJIisi have been prepared and are known respectively as 
pinanc,^ and camphane*^ 


CHa 

CII 




.CII^ 


CH. C.CIls 


OH 


CH3 

I 

CII 


HgC 

HaC 




CH 

CHg 


V 


Cll., 

I 

c 



Carane.** 


Finane. 


Campbano. 


It follows that the terpenes derived from them will contain one 
double bond only, and may bo described as carmc^ pinenCj and earn- 
phene. The position of the dcuble bond will be discussed in the 
sequel. It is clear, however, that the opportunities for isomerism 
are more restricted than in the case of the menthadienes. With 

' Sommler and Fcldalein, J3er., 1914, 47, 884. 

® Sabatier and Sendorens, CkmtpL rend.y 1901, 132, 1254. 

® ABchnn, Ainialetij 1901, 316, 229 ; Hend.erson and Pollock, Trans. Chem. 

1910, 01, 1020. 

* For brevity the following jynibolswill be occasionally used to indicate these 
three types of bridged nngs. 
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this accDunt of the system of classification and nomenclature, 
we will pass at once to the stutly of the properties £fnd structure of 
the individual terpengs, •beginning with the simpler class of nientha- 
dienes. • 

• kONO-OYCLIC TERPENES (MENTHADIENES). 

d-l-Lirngiiene (Dipenteue). D- and Mimoiiene and the racemic 
form of dipentcno are among the most widely distributed con- 
stituents of essential oils. They possesi^*the characteristic smell 
of lemon. The d-compound is found in oil of lemons, neroli (from 
orange flowers), orange (from ,the rind), bergamot, limette, caraway, 
dill, • • 

The Z-compound is less comnion an A is a constituent of pine-needle 
oil from Ahies alha^ Russian and American spearmint oil, American 
peppermint oil, &c., whilst the inactive dipentene is found in pine- 
needle oil, citronolla oil, oil of cubebs, &c. It is also formed by 
mixing the two active limonenes, or by racemising them singly at 
a high ten\peratiiro. Mafiy other terpenes yield dipentene vn con- 
tinued healing, a fact which may Gxi>lain its presence in the products • 
of the dry distillation of rosin and caoutchouc. Another interesting 
source* of dipentone ife pinene, the chief constituent of ordinary 
American turpentiife oil, from which it may bo obtained directly by 
the* action of alcoholic sulphuric acid or, indirectly, by the aid of 
moist hydrogen chloride, which transforms pinene into the dihydro- 
cirloride of dipentene, C,yIIic . 2HC1. The explanation of these 
changes will be discussed binder pinene (p. 211). Dipentene can also 
be obtained from the closely allied substances terpincol (m. p. 35°) and 
dneol, which are described later. Dipentone is usually sci)arated 
and purified by conversion into the crystalline dihydrochloride (by 
passing gaseous hydrogen chloride into the liquid), from which the 
terpene is regenerated by boiling the hydrochloride with anhydrous 
sodium acetate dissolved in acetic acid. This method cannot be 
applied to the limonenes, for they are racemised in the process. 
Pure limonene is purified by conversion into the crystalline tetra- 
bromide, CioH,oBr 4 , from which it is liberated by reduction with zinc 
dus^and alcohol. Z-Limonene can also be obtained from active dihydro- 
carveol by thexanthic ester method of Tschugaeff, which is described 
later (p. 227). Highly characteristic of dipentene and the limonenes 
are the compounds with nitrosyl chloridie.' They are crystalline 
substances of tjie formula CioHjr.NOCl, which are best obtained by 
adding amyl nitrite dissolved in glacial acetic acid to the terpene 
and acidifying with strong hydrochloric acid. As the addition of 
* Tilden and Sh^nstoiie, Trana* Chmx Soc., 1874, 13, 5J4. 
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nitrosyl chloride introduces a new asymmetric carbon in^o the 
molecule, as will presently appear, it is scarcely surprising that each 
of the limonenes, as well as dipentene, should yield two products, 
a- and p- nitrosochlorides. By the action of anilAie on each of the 
six compounds a different nitrolanilide is obtained. 

CioHioNOCl + HjN . C„Hs = CioHigNO . NH . CoHj + HCl* 

Limonone nitrosochloride. Limonene nitrolanilide. ■ 


The a- and d-nitrosochlorides will be enantiomorphic with the 
a- and )8-Z-nitrosochlorides, so that by nnxing equivalents of d~ and 
h a-nitrdsochloride and d~ and Z- ^-nitrosochloride, the two dipentene 
compounds are obtained. The same is of course trjie, of the 
nitrolanilides. * 

« 

/-Limonene d-Limonene 


a-Nitrosoclilorido 

I 

a-Nitrolanilide 
m. p.* 113° 


\ 

/3-N itrosocliloride 

i 

S-Nitrolanilide 
m. p. 163° 


^ \ 

u-Nitrosochloride iE?-Nitrosocliloride 


i i 

a-NitrolanilJde S-Nitrolanilide 

w. 113° ^m.p. 153° 


a-Dipenteno nitrolanilide iS-Dipentene nitrolanilide 

i». p. 126° “ m. p. 149° 

V 

In addition to a nitrosochloride compound, dipentene forn\s a 
nitrqsate, CioHigNO . ONOg, by the combined action of nitric acid, 
amylnitrite, ati<i acetic acid. » 


Stxuctnre of Limonene (Dipentene). *In attempting to ascertain 
the constitution pf these compounds it will be necessary in the first 
place to describe certain other substances to which they are related. 

The chief interest centres round the structure of carvone and 
terpineol. Both compounds are found in nature accompanying the 
terpenes, and both are closely related to dipentene, the limonenes, 
and terpinolene. 

Carvone, CioHi 40 , formerly known as carvol, is found as the 
d-form in dill and caraway oil, and as the 7-modification in spearmint 
and kuromoji oil, and possesses the characteristic smell of caraway 
oil. It is isofated and purified by conversion into a cufious < 
crystalline compound which it fopms with hydrogen sulphide, 
(CioHuO),H,S. 

It is a ketone and forms a carvoxime, C]oH| 4 :NOH, which 
Goldschmidt and Ztirrer’ found to be identical with the nitroso- 


^ 1885, 18, 2220. 
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limonene obtained by Tilden and Shenstone ’ by the action of alcoholic 
potash on the nitrosochloride, 

^ C,oH,6NOC1 = CioHi5NO + H01. 

Now carvone is easily converted by heating with phosphoric acid 
and with certain other reagents into the isomeric carmcrol, the struc- 
ture of which is known. It is a hydroxy p-cymene of the formula : 


CH3 

1 

C 



CII3 OH3 
Gnrvacrol. 

• ... ! . 

We maj' therefore assume that in this reaction an isomeric , 

change occurs in carvone, whereby a hydrogen atom from some 
other part of the inole|jule attaches itself to the oxygen of the ketone 
group situated in ^he nucleus. If this is the case carvone will 
coijtain two double bonds, an assumption which is borne out by its 
behaviour. Carvone behaves like an unsaturated ketonp, for 
with a mild reducing agent, such as zinc dust and alcohol, it takes up 
a molecule of hydrogen and passes into dihydrocarvone ; with a 
stronger reducing agent, such as sodium and alcohol, ^he ketone 
group is also reduced and the secondary alcohol diJiydrocarveol, is 
formed, from which dihydrocarvone may be regenerated by oxidation. 
Both dihydrocarveol and dihydrocarvone aro still unsaturated, for 
they combine with a molecule of hydrogen bromide, and further 
reduction converts them into tetrahydrocarveol (carvomenthol), which 
is a saturated secondary alcohol, yielding the ketone, teirahydra- 
carvone, on oxidation. Having established the unsaturated nature of 
carvone, the next problem is to ascertain the positions of the two 
pairs of double bonds, for these have a special interest, seeing that 
they are probably common to both carvone and ^limonene. The 
problem has been approached by attempting to locate the position of 
each double bond separately, 3ihydrocarveol, which only contains 
one double bond, being first selected for thJ purpose. 

It is well knewn that unsaturated compounds are readily oxidised 
by permanganate solution, the first stage being the addition of two 
^ Trang» Ghent, Soc., 1877, 31, 654. 
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hydroxyl groups to the doubly linked carbon atoms, ^^hich in then 
followed by the rupture of the compoimd at the original double bond. 

The action of permanganate solution upon diliydrocarveol hsis 
been carefully studied by Wallach,' and also by Tiemann and 
Semmler.® Two hydroxyls are first introduced and a triliydroxy- 
hox^vhydrocymene (menthanetriol) is obtained. Chromic acid coilverts 
the latter into a ketone alcohol of the formula Calli^jOg, which on 
oxidation with sodium hypobromite yields an acid, C7Hj2(OH). COOH, 
and this in turn, on being oxidised with bromine, gives w-hydroxy- 
p-toluic acid, OyHijCOH) . GOOH. 

The simple explanation of these changes is based by Tiemann 
on the assumption of a double bond in the isopropyl skle^chain. 


HpCi 


ClI . CII3 
'/^|CH(OH) 


•OH. Oil, 


cn . CH, 



II,d\ ICH, 

H,cl loH, 

CH 

CH 


C 

J 

C.OH 

CO 

/\ 

/\ 

1 

CH, . 

CH, CH, 

CHjCHjj.OH . 

Dihydrocai'vool. 

TriliydroxyliGxnhydro- 
cyiucno. , 

^ ICctcHio alcohol. 


CH . CH3 
HaCr^^CH . OH 

» CH 
COOH 

Iloxahydro hydroxy-toluie 
acid. 


C.CH3 

HCj^Nc.OH 

•HG^'CH 

C 

I 

COOH 

Hydroxy-toluie acid. 


If this view is correct the double bond in carvone and limonene 
is established. The position of the second double bond has been 
ascertained by i-efereiice to the structure of terpineol (m. p. 35 °), 
which in turn is derived from that of terpin CiQHm(OH)2. 

Ter$m is the jjlcohol corresponding to dipentene dihydrobromide, 
for it can be obtained from the latter by the action of silver acetate 
and subsequent hydrolysis, or it ms^ be converted by the reverse 
process into dipentene (Jihydrobromide with hydrogen bromide. 
Terpin is usually prepared by the action of strong nitric acid on an 
.alcoholic solution of turpentine from which it crystallizes as the 


' ^nnalen, 1893, 275, 110. « JSer., 1895, 28. 2141. 
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hydrate Ci„H'ig(OH) 2 . HgO, and the method is interesting as it affords 
a connecting linK between thfe two terpenes, dipentene and pinene. 
Terpin exists in tw^ stereoisomenc modifications as cis and f>mis 
terpin (Part II, 243). The frans form, which is the more soluble, is 
derived jfrom dipentene dihydrobromide, whereas the cis modification 
is prepared from turpentine or from terpineno (see below) by shal^ing 
with dilute sulphuric acid. It is the latter which forms the hydrate. 
Although neither form of terpin has so far been found in nature, 
both are readily converted by dehydrating agents into two well- 
known natural products whfch accompany .the torpenes in many of 
the essential oils, namely, cineol and terpineol (ni. p. 35°) (wliich are 
isomerit (tompou^ds of the formula CioHis^)* well as lorpinene, 
terpinolene, and dipentene, all of whj^h are closely ^related. 

Cineol has no real connection with the problem under discussion, 
but by virtue of its interest as a natural product it merits a sliort 
description. As already stated, it is a common constituent of many 
essential oils and is S[)ecially abundant in eucalyptus, cajeput, and 
wormseed oil (oleum cinae). It is a liquid wdth a characteristic 
camphor-liko smell and boils at 177°. As it possesses iieithor < 
alcoholic nor ketonic properties and is closely related to toj*pin, it 
is regarded as an inner ether of that compound. Its structure 
therefore depends ^?poii that of terpin, which is the subject of the 
preisent inquiry, and may b*e provisionally represented as follows: 



The correctness of this formula is deto^mined by its products of 
oxidation, whereby it yields a dibasic acid, cineolic acid. The latter 
gives an anhydride with acetic anhydride, which on heating is con- 
verted into methyl heptenone of known structure. 
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CH;, CH;, 

Cineotio anhydride. 


I 

^00 

CH, 

L , 

^CH 

• li 

CH 

C'CcHg 

Methylheptcnone. 


Cineol combines with hydrogen bromide formftig c/s ''dipentene 
dihydrobroiiiide. 

a.-Terpineol (A^ Menthon 8 -ol) (m. p. 35®) is one of a numerous 
class of unsatiirated alcohols of the formula CjQlIiyOII, known 
generally as terpiiieols or menthonols. It occurs in nature in active 
and inactive forms and has an odour of lilac. The dextro form is 
found in lovage oil, cardamom, and marjoram oil ; the laevo form 
in niaouli oil, and the inactive form in caj'eput oil. It is conve- 
niently pi*epared by shaking torpin hydrate with dilute sulphuric 
acid and separating the solid teri)inool from the liquid products 
by freezing. It contains one tertiary alcohol group and one 
double bond, for it forms a phenylurethane with phenyl car- 
bimide C 10 H 17 . 0 , CONHOgHg, and unites with one molecule 
of iiitrosylclilorido and of bromine. The hydroxyl group will 
probably occupy the same position as' one of the terpin hy- 
droxyls and therefore the same position as one of the halogen 
atoms in dipentene dihydrobromide. As in the case of dihydro- 
carveol, the action of permanganate has led to very interesting 
results, for which we are indebted to Wallach.' The first product 
is a nearly quantitative yield of a trihydroxy hexahydrocymeno 
(menthane triol), which is, however, not identical with that from 
dihydrocarveol (see p. 190), for on warming with dilute sulphuric 
acid it is decomposed into cymene and carvenone, while the other 
is not. 

OX0H20O3 — 3II2O =* CxoHi 4 
Cymene. 

^10^20^3 — 2 H 20 ^= CjqIIj 0 O 
j Carvenone. 

These changes will be discussed later (see p. 205). On further 
oxidation of the trihydroxy compound with chromic acid, it is 
converted successively into homotei’penylic acid and into terpenylic 
acid, the structure of which is known through Lawrence’s^ and 
' ^nnalen, 1893, 277, 110. * Trans. Chem, Soc., 1899, 76, 627. 
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Simowsen's Synthesis Jsee below). Adopting Wagner's formnla for 
tei'pineol,' the i-^iilts ^re explained by Walhich in a very simple , 
hishion, as follows: • 
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Simonseii® oLtaiiiod honioterpenylic, teri)enylic,»aiKl tcrebic acids 
by tlie action of the Grignard reagent on yff-acetyl-adipic, -glutaric, 
and -succinic esters. The process in each case is similar, so that 
one exaniide will suffice. 
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1 Ber.y 1890, 23, 2307. ^ 
PT. Ill 


f 


® Trans. Chttp Soc., 1907, 01, 184. 
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It follows thaji as terpin is a bi-terfiary alcohol, its * relaticcn to 
fterpineol on the one hand and dipentene djhydi'obromide on the 
other must be represented as follows: • 
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The existence of a cis and trans terpin (Part II, p. 262 ), and of cor- 
responding dihydrobromides of dipentene, accoi;ds well with these 
formulae ; but the structure of dipenten'e itself is still ambiguous^ as 
the two molecules of hydrogen bromide may be removed from the 
hydrobromide in various ways. Now it has been shown that, as t}\e 
oxime of cprvone is identical with nitrosoHmonene, the double bonds 
of caiwono are pro})ably identical in position witli those of limonene. 
The position of oiie of these double bonds is fixed beyond question 
by the structure of dihydrocarveol ; the other is probably present in 
terpineol. The final evidence must rest on the relation of terpineol 
to carvone, and this hiis been furnished by converting terpineol into 
carvone, and vice versa. Wallach ' was the first to convert terpineol 
into carvone by the following rather lengthy process : terpineol 
forms a dibromide CioHi^Bi'a . OH, and this on standing with hydro- 
bromic acid loses hydroxyl, which is replaced by bromine forming 
a tribromide (1,. 2. 8-tribromomen thane) of the formula CioHi^Brj. 
Warmed with sodium methylate, carveol methyl ether is produced, , 
C10H1.5. OCH3, two molecules of hydrogen bromide being removed 
and the third bromine a^om replaced by methoxyl. This compound 
gives carvone on oxidation : 


* Anrmlen. 1894. 281. 140. 
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Carveol uicthvl ether. Carvone. 

A simpler method, also devised by Wallach for effecting the same 
result la to convert tei^ineol into the nitrosochloride and by remov- 
ing hydrogen chloride to obtjyn the corresponding oxime, and finally, 
by boiling with acids, inactive carvone.^ 
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Terpincol. 
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Terpilieol nitrosochloride. 
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CHg CII3 
Oxime of the 
hydroxykotone. 

^ •Annalev, 181)3. 677, «20. 
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^H, CHg 
Carvone. 



196 MONO-CYCLIC TERPENES '(MENTHADIENES) 

On closer obseA-vation it will be sefn that .neither method fnakes 
• it quite clear that the double bond lies iij/ the nucleus, and not 
between the methyl group and the nucleus. Even the oxidation of 
earvone to terpenylic acid, which has also been eifecfced,^ does not 
remove such a possibility. t 


C . CII 3 
HC/\C0 



HOOC, 


CO—, 


CII 
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C ' 


X\ . 

H0.CH2 GH3 
Hydroxyterpenylic acid. 

Assuming, however, the striicturo of earvone to be that given 
above, the formula for limonene and dipentene naturally follows. 
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Ziitrosochloride. 



If any real doubt existed as to ilio correctness of the formula, it 
has now been to a gresfj extent removed by the synthesis of terpin, 
terpineol, and dipentene, by W. H. Perkin, jun.® ^ 


1 Best, Ber., 1894, 27. 1218; Wallach, Ber., 1894, 27, 1496. 
^ Trans. Chem. Soc., \904, 35, 054. c 
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Perkin’s ‘synthesis .is effected in the following manner. The 
starting-point is S-ket\|hexahydrobenzoie acid.' 




CO 

\ 


^CH.COOII 

CHa.CIIj 


Its estai* reacts readily with magnesium methyl iodide, and the 
product on hydrolysis yields S-hydroxyhexahydro-_p-toluic acid. 

VCII,.CTT ** 

ClI.^ . C(OHK >6 h . COOH 

Njh,.gh/ 

This hydroxy acid dissolves readily in fuming fiydrobromic acid, 
and the solution soon deposits crystals of S-bromohexahydro-p-toluic 
acid, from which, on treatment with weak alkalis or pyridine, A* 
tetrah 5 -dro-i;-toluic acid is obtained. 
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\oii.,.cn/ 

Tho ester of this acid, when acted on with magnesium methyl 
iodide, gives terpineoJ? 

CHgeCr >CII.COOE + 2MgICIl3 
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Terpineol. 

The latter is transformed on tho one liand into dipenteno by the 
action of potassium hydrogen sulphate, and on the other into terpin 
hydrate by shaking with dilute sulphuric acid, or directly from the 
original cyclohexanone ester with excess of the Grignard reagent. 

ClOHjCJI^ 
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'CI-I, 
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CH . C(OH)(CHa)i 


Dipenteno. 


Terpin. 


^ Trans, Chem. Soc,, 190-h 85, 138, 416 ;»190(|y 80, 1640 ; 1907, 91, 872. 
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In order to obtain the active terpineol and terpene, the compound 
is resolved at the tetrahydrotoluic acid stage fractional crystalliza- 
tion of the strychnine and brucine salts. In this «\vay d~ and Z- terpineol 
were obtained, but the limonenes, like most of the artificial terpenes, 
racemise so readily that they could not be prepared pure in this way. 

The structure of dipentene being thus satisfactorily settled, its 
formation from terpin, terpineol, and ciiicol by dehydrating agents 
is readily understood without further explanation. But dipentene 
is not the only product 'df these reactions, for two other terpenes 
make tlv^ir appearance at the same time, namely, terpinolene and 
terpinene. 

• • 

Terpinolene. * Terpinolene ^is one of the artificial and inactive 
terpenes, wliich was found by Wallach* among the products obtained 
by the inversion of pinene by means of alcoholic sulphuric acid. 
It can' also be prepared, as already stated, from terpin, terpineol, or 
cineol, by boiling with dilute sulphuric or phosphoric acid. Ter- 
pinolen^ is readily converted into terpinene (see p. 199 ), and, where 
sulphuric acid is used, cymene is also produced. The best method 
for obtaining it is either by the action of oxalic acid on terpineol 
(m. p. 35 °) or by that of dilute acids on y-te^pineol (p. 203 ). , Since 
the elements of water may be eliminated froi)} the two adjacent 
carbon atoms of terpineol in two ways, ohe of which yields dipentene, 
the other derivative will probably represent terpinolene. 
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This line of argument would not in itself carry much weight, 
a similar leaction yielding terpinene, had not independent evidence 
been forthcoming in support of the above constitution. Terpinolene 
has been obtained by Baeyer' from dipentene tribromide, CioHjYBrg, 
the latter being obtained by bromin^ting dipentene dihydrobromide. 
If the tri bromide is trea/ed with zinc dust and acetic acid, two atoms 
of bromine are removed and the third replaced bj^ hydroxy-acetyl, 
forming terpineol acetate, CmHi-O. 000113, and this on distillation 



TEfePINOLENE A &9 

\^ith«quiiioline yields^ucotic acid and terpiuoleue, or, oil hydrolysis, 
gives a new terpineol \fn. p. 

CioHi.O . COCH3 = 

Terpinolene. 

CioH^O . COCH3 + HjO = CioHiT . on + CisH^Oa 

Terpineol. 

The evidence ujicn which the structure of terpineol acetate rests 
is the formation of a blue ciystalline iiitrosochloride, which is indis- 
tinguishable in appearance, from the iiitrosochloride of tetramethyl- 
ethylene iirepared by Thiele.' 
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Baeyer concluded that both comxiounds possess a similar structure. 

The various sl< ps in the preparation of terpinolene from dipentene 
dihydrobromide will then be expressed as follows ; 
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. 4 . Mentliadiene). 


Terpinenes. a-Terpinene is formed, as already stated, from terpin 
hydrate, terpineol, and cineul, and substances su^i as pinene and 
dipontene, which are easily converted into terpin hydrate by means 
of suljihuric sicid ; but it is most readily obtained by shaking turpen- 
tine oil (piifene) with small successive quantities of strong sulphuric 
acid, and from sabinene (p. 203). So far* its occurrence in nature 
seems very restricted, for it has been found in few of the essential 
oils. Its presence in caidamom oil was first noticed by Weber, who 
identified it by means of the crystalJpine pitrosite, CiqHijjN 203 , which 


Ber., 1894 . 27. 4.'Sil 
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it gives with nitrous acid, and which is characteristic both of ter- 
^ pinene and pheliandrene. It forms crystallinj|5 compounds w’ith two 
molecules of halide acids which determine the presence of two double 
bonds, and furthermore gives aa'-methyl isopropyl aa'-dihydroxy* 
adipic acid on oxidation. This, together with its synthesip from 
sabinaketone, described below, leaves no doubt that it contains*'two 
conjugated double bonds in the nucleus, and is a ® menthadiene. 
According to Wallach,^ it is generally accompanied by y-terpinene 
or A' • * menthadiene. • • 

It is ijrobable that the- formation of terpinene from tor pinole iie 
and terpineol may indicate a shifting of the double bond of terpino- 
lene from the side-chain to the nucleus, and such a^structure* would 
also explain its optical inactivity. 
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(A^ Menthadieno). 


In addition to the above, there exists a )8-terpinene mentha- 

dione) which was obtained synthetically by Wallach in 1907 from 
sabinaketoiie by a method which has 'been frequently utilized 
by him for the i>urpose of reidacing the oxygen of a cyclic ketone 
group by the unsatiiratod side-chain = CTT^ in the following way : 
The ketone is condensed with bromacetic ester in presence of zinc 
according to Reformatsky’s reaction (Part I, p. 217). The ester is 
then hydrolysed and heated with acetic anhydride, which converts 
it into an unsaturated acid, and the latter, on heating alone, loses 
carbon dioxide and water and gives tlie unsaturated side-chain, whilst 
the bridged ring becomes an ethenoid linkage. 
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Sabiuii ketone 

I JairntZei/, 1908,362, 2S3. 
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C(CIIa) C'(CH,)4 

/3-Terpiiiein*. 

) • 

)8-Tei*pinene combines only slowly with nitrous acid to form a 
nitrosite ; it gives an insoluble crystalline tetrabroniide, not given by 
a-terpinen^e, and oxidises readily in contact with air. 

A fourth terpinene termed critmene from crithmum maritimum has 
been examined by Francesconi and kSornagiotto, ' who have given it 
the following formula : 

(II, 



C(CIl,)2 

, OritiiioiK^. 

Fhellandrenes. a-Phellandrene, like a- terpinene, forms a crystal- 
line nitrosite, and in this form it ’was first isolated by Cahours * in 
1842. It has since been* found in tw’^o active modifications, the 
c?-compound occurring in bitter- and water-fennel oil (Phdlandrinm 
aguaticum) and oloini oil, and the 2-compouud in Australian eucalyptus 
oil and pine-needle oil. It is very sensitive to acids, and with alco- 
holic sulphuric acid is converted into terpinene. 

In the year 1904 Wallach " published a very complete investiga- 
tion on the nature of phellandrene, and pointed out that in addition 
to ordinary or a-yihellandrene a second or /^-phellandrene is present 
in water-fennel oil. The first was shown to have the structure of 
A-’® dihydrocymene (I) by the conversion of nitrophellandreno into 
active menthenone (carvotanacetone), whilst /i-pheTlandrene, which 
formed the subject of a subsecnient investigation by Wallach,^ was 
shown to possess the formula IT by synthesis from A“ isopropylc 5 ’'clo- 
hexenone (p. 229) after the manner of /J-teryineiie : 

« 

' Atti B. Acccid. Lincei, 1913, 22, 382. ^ Anualm, 1842, 41, 74. 

3 Annalm, 1901, 336, 9. ® Annnltn, 1905, 340, 1. 
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Harries and Johnson* confirmed the formula given to a-phellan- 
dreiie by the reverse process to that employed by Wallach, namely, 
by con^fartiiig d-mentlicnone into phellandrene as follows: men- 
thenone is first treated with phosphorus pentachloride. and the 
resulting chloride converted into chlorophellandrene by boiling with 
quinoline. The chlorophellandrene, on reduction with zinc dust in 
methyl alcohol, yields a-phellandrene. Another and better method 
is to reduce inenthenoneoxime to A® menthenamine, and to distil 
the product under diminished pressure with phosphoric acid. 
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The Terpineols (Menthenols). It will be observed from the facts 
stated in the foregomg sections that a-terpineol has been brought into 
relationship with the following terpenes : 

a Teriiiiieol 


i 


Diperiteno 

1 

Terpinoleiio 


Carvono 


a-Fhellandysne 


Ter])iiieiie •» 

. Ill addition to a-terpinqol, there exist and y-terpineol, terpinenol, 
and numerous menthenols obtained synthetically #by Perkin and 
others, the preparation of which are described under synthetic 
terpenes (p. 200). 


» Bar., 1906 , 38 , 1332 . * 
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/?- and y-Terpineol f}nd terpinenol .are represented by the fol- 
lowing formulae ; ^ 



/3-Terpineol 7 -Terpineol Terpinenol 

Menthcnol. _ Meiithenol."'' A^ Meiithonol. 


^-Terpiiieol is present in commercial terpineol, and its constitution 
is detemiined, like that of •a-terpineol, by oxidation to jp-methyl 
tetrah 3 'droacetoptienone and then to jp-tetrahydrotoliiic acid. The 
y-comi)ouiid was obtained by Baeyer from dipentene dihydrobromide 
as descidbed under terpinolene, whilst terpinenol is found in Ceylon 
cardamom oil and marjoram oil. It has been prepared together with 
1.4 terpin by shaking sabinene (p. 227) and thujone (p. 225) witli dilute 


sulphuric acid. 

Clla 



Snbineiie. 


Cfla 

1 

CHg 

C1I3 


A 

1 

/\ 


1 1 

i\ ! 

• VoH 

Yoh 

’V 

_j_ 

1 . 4 Toriiin. 

Terpinenol. 

Til 11 jell e. 


Carirestrene and Sylicestrene. The only menthadienes of the 
meta series are carvestrene, the inactive, and sylvestrene, the active 
form. ** 

Sy'lvestrene was first discovered in 1877 by Atterberg in Swedish 
tui'pentine (from Pinus s^lvestris\ which is still the principal source 
of the compound, although it has since been found in dwarf pine oil 
(from Pinus montana) and pine tar oil. It is purified by separating it 
from the crystalline dihydrochloride by boiling with aniline, and is 
a curiously stable substance, retaining its optical activity (it is dextro- 
rotatory) at a teinperatui’e of 250®, and undergoing little change by 
the action of alcoholic sulphuric acid. Both carvesfe ene and sylves- 
trene give a characteristic deep blue colour on the addition of a drop 
of strong si^phuric acid to the i^erpene dissolved in acetic anhydride, 
a property which is not shared by any other ter])ene. 

The conversyn of sylvestrene into w^cy^nene (see p. 185) and its 
evident relation to carvestrene point to a common structure for both 
compounds. This structure will now be considered in the case of 
carvestrene * * * 
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Carvestrene is an artilicial compound, which was obtaiiitd by 
Baoyor^ by distilling vestry lamine hydrochlcj^ide. 

CioHi.NH, . IICl = NH^Cl + 

The formation of this base involves a series of complex changes 
which take us back to dihydrocarvone (p. 190), which, it -may be 
remembered, is the first reduction product of carvone. 


CH . CH 3 

n-c 


CH.C/' 


Dihj^i 




rocarvoDO. 


This substance readily forms a hydrobromide from which methyl 
alcoholic potash removes a molecule of hydrogen bromide ; but with 
the production of an entirely new compound, namely, a saturated 
bicyclic ketone, to which the name of carone has been given, 
CH.CH 3 * CII.CII 3 

n.Cf^jCO ii,c/^co 

H,d Jciia ^ n,cl^*jcii 

CH.CBi(CIT;,)jj • u6— blCIIs), 

Dihydrocarvoiie hydrobroiiiide. Carone. 

Carone has a smell of camphor and peppermint, and is optically 
active in the sense corresponding to the two carvones from which it 
may be prepared. The structure of carone is not a mere surmise, 
but depends on the formation of caronic acid by oxidation; for the 
same acid has been obtained synthetically by Perkin, jun., and 
Thorpe,® who have identified it as dimethylcyclopropane dicarb- 
oxj’^lic acid. 



|COOH 

nooO\joi^ji 




Caronic acid. 


. * 

The existence of such an acid clearly points to a triiiiethylene 
ring in carone. An additional proof of its structure is its conversion 
on heating into carvenone. Carvenone is an unsa^urated ketone, 
which is also obtained by the isomeric change of dihydrocarvone on 
' Ber., 1894, 27, 1915, 3485; 18W>, 29^ 27i»6. ■ Tr^ns, Cliem. 8oc., 1899, 75, 48 
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boiling with* acids (p. 5^4). The disposition of the double-bond in 
carvenone has been d^ermindd by its conversion mto terpinene in 
the same way that carvotanacetone is converted into tt-phellandrene 
(p. 201V 
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\CH, N^ir, .ViH, 

Carono. Carveiiono. Diliydrocarvoiie. 

Having settled the structure of carone, the subsequent changes 
are readily explained. ^ • 

Carone forms an oxime which is reduced to carylamine. If the 
alcoholic solution of carylamine is saturated with hydrogen ^chloride 
gas, the unsaturated base, vestrylamine^ is formed, from the hydro- 
chloride of which carvesirene is generated 
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Carvestn^ne. 

Carvestreiie has been synthesized by Perkin, juii., and Tuttersall 
as follows: Hi-hydroxybenzoic acid is first reduced to the hexahydro 
derivative and subsequently oxidised to cyclohokanone-3-carboxylic 
acid. yCO- CH.,\ 

CII,< “>CH.CO,H 

^CHa.CH/ 

Mefiiyl and hydroxyl are then introduced by Grignard’s method in 
place of the ketonic oxygen, hydroxyl is replaced by bromine, and 
hydrogen bi^niide is then removed by digestion with pyridine. 


C— CHv ^C CHg 

CH2< >CH.CO.n . Hpr >GII.COJI 

\CH2 . CI-I,^ ' ^CH,-C11, 

Tetrahydro-w-toluic acid. A® Tetrahydro-m-toluic acid. 

' Harries and Majima, Ber., 19^8, 41, 2516. * Trmis. C/iem. Soc., 1907, Ol, 480. 
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Both A' and A'’ tetrahydro-w-toluic acids are formed, but mainiy the 
former, which is converted into the erfter, anc^;the subsequent stages 
are the same as those described under the synthesis of 2 ?'menthadicne 
from totrahydro-_p-toliuc ester on p. 197. 

Later, the tetrahydro-w-toluic acid was resolved and the dextro- 
rotatpry terpone thus obtained was identical in every respect ^'with 
d-sylvestrene.^ 

The action of methyl alcohol potash on carvone hydrobromide 
gives rise to the unsaturat>3d ketone, eucarvone^ C,oHi 40 .* The fact 
is referred to as it illiistifates in a graphic manner the remarkable 
reactivity of these cyclic structums, which reaches perhaps its cul- 
minating point in the case of camphor. Eucarvoije is probably a 
seven-ring complex, in the foi^mation of which caronene probably 
plays the part of an intermediate product. 
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Carvfine hydrobroniide. Caroneno. Eucarvone. 

Inlorniediato jnoduct. • • 

The proof of the existence of a seven-ring system' is based upon the 
oxidation of tetrahydroeucarvone to ^-diniothyladipic acid. 

Synthetic Mono-cyclic Terpenes. Baeyer's Method. We will 

conclude oitr account of the monocyclic teipenes by a short reference 
to the various attempts which have been made to obtain these com- 
pounds synthetically. It is true that several artificial terpenes have 
been described, but some of them can scarcely be considered as 
products of constructive synthesis, seeing that the materials have 
been drawn from nsitural sources. The first complete and successful 
synthesis was accomplished by Baeyer^ as follows : succino-succinic 
ester was treated with one equivalent of sodium ethoxide and one 
equivalent of isopropyl iodide, whereby a mono-isopropyl derivative 
was obtained. Tho process was repeated, using, however, one 
equivalent of methyl iodide. This yields a methyl isopropyl deriva- 
tive, which is then heated with sulphuric acid. Hydrolysis occurs, 
and at the same time carbon dioxide is evolved with tlv) formation 

* Proe. Cliem. Soc.^ 1910, 26, tf7. 

2 Baoyer, Per., 1894, 27, 811 ; 1896, 20, 3 ; Wallacli and Kolifer, Annalen, 1905, 
330, 94 ; Cliirko and Lapworth, Trans. Chem. Sog., 1910, 07f 12. 

s iJer, 1393, 20, 232. 
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of methyl isopropyl diketocyclohexane. The ketone was reduced to 
the alcohol, the hydrc'^yls replaced by bromine by treatment with 
strong hydrobromic^acid, and, finally, the product heated with quiiio- • 
line, which removes two molecules of hydrogen bromide. In this 
way a p-menthadiene was produced, which, though closely resembling, 
was»not identical with terpinene. The various changes described 
above may be represented as follows : 
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- C,oHi,IJr 2 = CioIIi,,-f 2IIBr 

The structure of the terpene in question will obviously d,epend 
U';>on the manner in wliich the two molecules of hydrogen bromide 
are detached. 

The successful syntheses of dii)entene and carvestrene by Perkin, 
jun., have already been referred to. The same ajithor and his col- 
laborators,^ by a slight variation of the method, have succeeded in 
prepiiring artificially ortho-, meta-, and para-terpenes (menthadienes), 
terpineols (menthenols), and the allied menthanols and nienthanes 
(of which the following illustrations must suffice), as well as corre- 
sponding derivatives of the cyclopentane series.® .• 

PerJem's Methods,^ There are five general methods which have been 
employed for this purpose. 

1. From the toluic acid by reduction to the hex^hydro-derivative 
and^ bromination. Removal of hydrogen bromide yields the tetra- 
hydro toluic acid with the douMe bond in the a position. 

» Trans, Chem. Soc., 1906, 87, 039, 661, 1066, 1083. 

^ Tram, Chem. Soc.^ 1908, 93, 573. I 

s ‘Synthosi-s ofllie Torpenes,' by W. II. Perkin, The Perfumery and Essential Oil 
Record, 1912, 3, 149. 
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TheJ.iiiter is converted into the ester and the Grignard reagent applied 
as already described. Th^ resulting menthadiene contains a conjugated 
double link. It is at the stage of unsaturated acid that resolution into 
the active enantiomori3hs lias usually been effected through the 
brucine or strychnine salts. By a process similar ^o the %bdve, but 
using the saturated hexahydrc^oluic acids, the corresponding men- 
thanols and menthencs have been obtained. Finally, from the men- 
thene the menthane has been prepared by reduction of the menthene 
li 5 ’^drogen bromide CioIIisHBr with zinc dust and acetic acid. 

2. From the hydroxytoliiic acid, which is reduced to the hexa- 
hydro derivative and thou acted upon witli hydrobromic acid, which 
yields the bromohexahydro acid. The latter is then treated as above. 
Dipen tene was obtained in this way (p. 197). 

3. From the hydroxybenzoic acid, which is reduced to the hexa- 
hydroxy-derivative and then oxidised to the ketonfe acid. The ketone 
group then reacts with the Grignard reagent, and the methyl hydroxy- 
acid ‘thus formed is converted into the bromo acid, from which 
hydrogen bromide is then removed. This method has been apxdied 
to the synthesis of carvestrene (p. 205). 

4. From the methyl cyclohexanone by the combined action of 
sodamide and carbon dioxide. The kotonic acid is then reduced to 
tlie liydroxy acid, wdiich is in turn converted into the bromo-acid.^ 
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5. From the sodium compound of cyclohexanone 2:4 dicarboxylic 
ester, wdiich reacts with methyl iodide and gives the methyl deri- 
vative ; on hydrolysis i* Is converted into the methyl cyclohexanone 
carboxylic acid. 

^ Tram, Chevi. <b'oc., 1910, 97, 1756 ; 1911, 90, 526. 
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Tlje ketone group is then reduced to the secondary carbinol^grou]» 
and converted into the bronco-derivative in the ordinary way. 
Carvestrencb has b^n obtained by this method.^ 

VerJcin- WaJlacli Method,^ The cyclokeione is combined with a-bromo- 
propionic ester in ju’esonce of zinc (Reformatsky’s reaction, Part I, 
p. 217). The free acid is decomposed on heating, thereby •losing 
water and carbon dioxide. 

II. C C II, H^C CH 2 

CH,..CH<^ m:o CIl3.CH<^ ^C(0H).C(CH3).C00H 

11^ "CII* 

. ^ II.C CII* 

C:JH , . CII<^ ^C : CH(Cna) 

11^ CII* 

The latter is converted into the nitrosochloride, from which, by 
elimination of hydrogen chloride, the oxime is formed, and this, on 
hydrolysis, yields the ketone. 


II.C CH* 

OH;, .CH<^ \cCI.C(CII,):NOH -* 

II^C UHa 

1I„C CH H^C CII 

Clli . CH<^ . C(cnj) ; KOII-^Cila . CH<^ .. . CO. CH., 

Hjb CHj II.^C Caiji 

By means of the Grignard reagent tho latter is converted into the 
meiithenol and the menthadiene. Meiithadienes pr«cpared in tliis 
way c6ntaiii a conjugated double bond. 

Using a similar reaction to tj^e above — that is, by the action 
of a-bromisobuty 1 ic ester on the cyclic ketone — a inenthene 

has been obtained by Wallach, 4 

' Porkiii and Fisher, Tram. Chem. Soc., 1908, 93, 1876. 

2 2Va/is. Chtm. Goc., 1910, 97, 1^29 ; 1911, 99, 118. Annalm^ JI910, 374, 198 ; 
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, HgC CHa , 

OH3 , Oil; ' + (CHa)^CC'r . COOC.Hj 

H^0”(3H2 

H,c on., 

OH3 , CII<^ ^C(OH) . CCCHj)^ . OOOOjjHs 

HjO on^ 

H3C CHjs 

-* cii3.cn< \c=c(0H;,)3 

n.)^ oHjj 

A*W Mentlieiie. " ‘ 

It should be pointed out that the above method has been utilized 
by Wallacli for introducing an unsatunited group in place of the 
methyl side-chain, as described on p. 200. 

The following is a list of 0 -, m-, and p-menthadienes obtained by 
one or other of these metliods, with their boiling-points and molecu- 
lar rofractivities : 



b.p. 177° Unknown 
Ma 4G 


b.p. 177° b.p. 182° 

Ma 45-3 Ma 46.(‘> 



b.p. 176° 
M> 45-23 


Orttio-Menthadknes. 

/\j| /\ i| 

\J \/ 

b.p. 170° b p. 171° 
Ma 45-4 M„ 4 >.2 


MetarMenthadienes. 



M« 46-4 Ma 45.4 
Para-3Ienthadienes, 



Unknown 


C' 


/\j 
1* ' 



\A 

b.p. 171° 

b.p. ITl'’ 

M„ 45.2 

Ma 43-2 

1 


A 

1 , 

1/ 

J 

xaH 

b.p 176° 

b.p. ive” 

M. 

45-3 

Ma 45.3 

A 


* 

\A 

1 

1 


b.p. 184- 


Ma 46-02 
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If be observed iii»the above table that the mejitliaclienes with 
conjugated double bonds exhibit a higher boiling-point and a 
refractivity above ttie calculated value fur two double bonds 
(Ma — 45-24). This increase of refractivity or exaltation may serve 
as a convenient method in doubtful cases of fixing the position of the 
double bonds (see Part II, p. 28), Conjugation also manifests ifself 
in chemical behaviour, for those compounds in which it occurs unite 
with only one molecule instead of two molecules of bromine, •hy- 
drogen chloride, and bromide (see Pari I. p? 1 ;>3). 


THE BI-CYCLIC TERPENES 

• 

PineiLesk a-P^ieiie is the most widely distributed of all the 
teipeiies. It is a common constituevt of most essential oils, and 
is specially abundant in the resinous exudations of different species 
of pinus, from which it is obtained by distillation in the fbrm of 
turpentine oil. Two optically active motlitications are known, the 
d-compound, sometimes distinguished by the name anstrdlenc, being 
found in American turpeivtino (from Fhiita palufitris or mJstmlis), 
and also in German, Russian, and Swedish turpentine (from l^inus 
sylvcstris) and in many essential oils, and the com pound or terebenthene 
ill Frenoh turpentine (fA)ni Fimis p/«a6^cr), English pine needle oil, 
hemlock oil, &c. IJ; is still doubtful whether the two are strictly 
enantiomorphous. Pinene from pine is obtained by first fractionating 
turpentine oil and then converting it into the crystalline nitroso- 
chloride, from which, by boiling with aniline in alcoholic solution, 
the pure but inactive compound is regenerated. In this reaction 
aminoazobenzene is also formed. 

OioIIie^^OCl -f 2NH2 . C,II,, = CnJIio + CJI.NaCoH^NHa 
+ H2O + IICI 

Pinene contains one double bond ; for, as just stated, it forms 
a compound with one molecule of nitrosyl chloride, to which Baeyor 
assigns the double molecular formula : .• 

CioHi^Cl.NaOa.Ci.HxoCl 

Pinene iiitrosocliloride. 


This compound forms a series of nitrolamkles by tlfe exchange of 
•chlorine for primary basic groups having tlie general formula : 

,NHl! RHNv 


^ NA ^ 

Pinene nitrolanilide. 


Sodium alcoholate removes hydrogen chloride from the nitroso- 
chloride, forming nitrosop^ime, which can be reduced to 

p 2 
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pinylaminc, C,(,Hi5.NH2. The latter is r^idily ^converted hito 
cyniene by distilling the hydrochloride. 

Ch,Hi,NH 2. HCl = Ch,Hi4 + NH 4 C 1 

In addition to the nitrosochloride, pinene forms crystalline 
additive compounds with one molecule of dry hydrogen «chloride 
and bromide, CioHj,;HCl and CioHjcHBr, from which the original 
product cannot be regenerated ; for on removing the halide acid 
with quinoline or sodium acetate a new terpene, namely campliene, 
is produced. Now camphene is closely related to camphor, for 
cainph6r CioHicO on reciuction forms homcol which is 

a secondary alcohol giving with phosphorus chloride hornyl chloride, 
and hornyl chloride is identical with the hydrochVoride 6btained by 
the action of dry hydrogen ctiloride on pinene. It is, however, not 
the trqe hydrochloride of pinene, as we shall presently see. 

^ Pinene. 

. CioIIioO -> 0 ,oIIa 7 -OII C10II17CI 

Cuinphor. Borneo!. '' Bornyl chloride. 

\ ^10^10 

Ciimplicne. 

When it is remembered that pinene* is converted by moist 
hydrogen chloride into dipentene dihydrochloride, and by alcoholic 
sulphuric acid and other reagents into such varied products as 
terpin hydrate, terpineol, cineol, dii)entene, terpinoleno and ter- 
lunene, it is easy to realize that ^10 structure of 2>inene is a pivot 
u2)on wlrich that of iiearlj^ the whole terpene and camphor family 
turns. A correct interpretation of its structure is therefore of the 
highest importaiice, but its remarkable reactivity rather enhances 
than diminishes the difficulty of the problem. The successful 
solution of the problem is mainly due to the combined labours of 
Baeyer, Tiemann, and Wagner. As in other cases the most valuable 
information has been gathered from the behaviour of pinene on 
oxidation. Let us follow the steps in this process of dismember- 
ment. By the action of free oxygen and water on i>inene, Sobrero 
obtained the crystalline pinol hydrate or sohrcrol, CjoHni(OH)2, which 
on warming »rvith dilute h^'drochloric acid is converted into pinol, 
Both sobrerol and pinol are neutral compounds* whose 
constitution will be explained pre^ntly. By means of permanganate 
solution, Baeyer ' obtained a much more complete series of oxidation 
products. lie found/ among the first i^roducts two acids, namely 
a-pinonic acid, CioIIn.Og, and pinoyl fonnic acid, C10H14O-,. The first 
is a ketonic monobasic acid, and the second a ketonic dibasic acid. 
As both acids ^ueld on iurtlier oxidation the same dibasic pinic acid, 

* Bcr., 1S9G, 20, 1907 ; see also lleiulurson and Agiiew, 2'rans. Chem. £»oc., 1909. 

^ 05. 2S9. 
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C7H.2fcOOH)2, Baeyeri concluded that they contain respectively 
a methyl ketone — 00.0113, and an a-ketonic acid— OO.OOOH 
group. Pinic acid fe very stable ; but by first converting it into 
hydroxypinic acid (by bromination and subsequent hydrolysis), it 
may^be* further oxidised to the lower homologue norplnic acidy 
OflHio(OOOH)2, a dibasic acid which resists further oxidation. ^Tlie 
structure of norpinic acid, which is the key to the problem, is 
regarded by Baeyer as a cyclobutane derivative. 

OH, 

HOOC . HC<^CH . coon 
c 

Norpinic acid. 

Like carone which gives caronic acid, and therefore contains a 
cyclopropane nucleus, so pineiio must contain a bridged ring, of 
which one part consists qf four carbon atoms. , 

Both a-j)inonic and pinoyl formic acicls are very unstable in acid 
solution, and like pinene itself are readily transformed by hot dilute 
sulphuric acid into ii|pmeric compounds, a change which Baeyer 
ascribes to the rupture of the cy’clobutane ring. Pinonic acid gives 
ther methyl ketoife of homoterpenylic acid, which Wallach had 
previously obtained by the oxidation of terpineol (p. 193), wljereas 
pi**oyl formic acid is converted into homoterpenyl formic acid, 
which in turn can be oxidised to homoterpenylic and terpenylic acid 
of known constitution. 

Adopting Wagner’s formula for pinene, Biu^yer explains the 


various steps as follows : 

C.CH3 


HC 




cih-ly^ 1 


II2C 

\ 1 

• 


CH 



Pinene. 


CO.CH3 


C(^ . COOH 

HOOC, o^CH 
H,ck 1 /CH, 

HOOC 


H3C 

g/C. 

* CH 


CH 


a Pinonic acid. Pinoyl ibrmic acid. 


' Per., 1896, 2p, 19^7. 

• t 
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HOOC, 


COOH 

,cn 


coon 


CITj 

I y 


H,C'\ 


Clip 


CH 

Pinic acid. 


CHjj.r/ 

nooc\^ 

CH 

Norpinic acid, 


,CH 


Clip 


a-Pinonic acid is therefore produced by the rupture of the double 
bond in pinene. The decomposition of a-pinonic and pinoyl formic 
acid by'^ulphuric acid is represented as follows : 


CO . CII3 
HOOC, c^iCir- 


CO.,CH. 


oc. 


H,C- 


CH3.i/ I 
CH 

a Pinonic acid. 

CO . COOH 






CH, 


H,d 


,CH, 


O CII3 

CH 


Clip 


HOOC 

ciiblCH 

OC 



Olla.i/ 

1 

0 CII 3 

\l 

H,C 


n,c 

(J.CHs 
\ 1 ^ 


CH 

Pinoyl formic acid, 

COOH 


OC, 


l\. 


HpCi 


.CHp 


U Cllg 

\l 

C.CIJ3 


CHp 


CH 

Ilomotcrpeiiylic acid. 


Methyl ketone of 
lloinoterpenylic lactone. 

QO. COOH 

iQH, 

JCH, 

rClI 

lloniolerpeiiyl formic acid. 


OCv COOH 

I O CHs 
! \1 
i (J.CITg 

H,C^|^CH, 

CH 

Torpeiiylic acid. 


Til is view of the structure of pinene, which fits in so neatly With 
the facts described above, is opposed \to the observations of Tiemann 
and Semmler.* Tiemann and Semmler, like Baoyer, submitted 
pinene to the oxidisin;^ action of permanganate, and obtained a 
saturated ketonic acid, pinonic acid, which, on further oxidation 


* Ber.., 189(4, 28, 529, 8027.^ 
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with^ chromic acid mgixtiire, gave a dibasic kolonic .acid, isoketo- 
camphoric acid, Oi„HioOr,, isocamphoroiiic acid, and terebic 

acid, O 7 H 10 O 4 , whilst alkaline i^)ermanganate converted it into 
d i methyltricarl).*! ly lie .acid . 

Now, the constitution of isoketocamphoric acid is known, partly 
froiJl its chemical properties but mainly from its relation to iso- 
camphoro^iic acid, which it yields on oxidation,' and whose structure 
has been established beyond question by its synthesis by Pej-kin * 
(Part I, p. 203). The two compounds mu£#t be represented as follows : 

CH 3 

41QOC, •j.o .COOH * 


II,C' 


cira.u.cii9 

CH 

Isoketocamphoric acid. 


IIOOC ^oooiT COOH 

ClIjAciIa 

cn 

Isocamphoronic acid. 


It is impossible by an^ device to rupture the bonds, in Wagner's 
l)inene formula so .as to yield either of those acids, and the only^ 
alternative is to suppose that an internal rearrangement of the 
molechle of a-pinonic Scid occurs during oxidation after the following 
fashion : « 


CO.CH, 


IIOOC, 


HoC 




CIl,/ 


OHs-C 




;Cn 


OIL 


CO.CII, 

nooo CH> 

OHs.C.OU 


CII.OH 




OIL 


Cll 

a-Pinonic acid. 


IIOOC, 


'\L 

Cll 

III termed iiitc product. 

CO.CII, 

COOH, 




CII, 


CII 

Isoketocamphoric acid. 

Another difficulty encountered by Wagner’s formula is the forma- 
tion of pinonic from a-campholenic iicid. The latter acid is obtained 


’ Trans. Chem. Soc., 1899, 76, 900. 
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from camphor, and its structure, which is disct^ssed on p. 251 . prdients 
no ambiguity. • 

The explanation which is here put forward , is based upon the 
pinacone-x>inacoline change (Part II, p. 357 ). * 

CH, CH3 

C.OH 


HOOC, 


HOO' 

,CH. OH 

CHj 

1.6.CH, 


CUs.C.Clif 

n,c' 

cn. 

HaC 

/'CH2 

• 

CII 


CH 


a-Campholenic acid. S Tntonnodiato product. 



CO. 

CII, 

HOOC, 


CII 




H, 


CH, 


CH 



a-Pinonic acid. 


Having now laid the foundation upon which the formula i-for 
pinen'e rests, and attempted to adjust its structure to that of iso- 
camphoronic and a-campholenic acid, lot us exsiminf^ for a moin^?ht 
its relation* to the first products of oxidation, namely, sobrerol and 
pinol, and finally to the allied terpone, dipenteno. 

The formation oi sobrerol is explained by the rupture of the cyclo- 
butane ring, that of pinol by the loss of water from sobrerol and 
formation of an inner ether. As both compounds are oxidised by 
permanganate, one to pinolglycol, C,qHijj( 0H)20, and the other to 
sobrerythritol, CnjHj (,(011)4, they must still possess a double bond. 
Furthermore, pinolglycol gives terpenylic acid on oxidation. These 
results are e.\pressed by the following formulae : 

C.CH, 

HC<; oOCH 
V I 

\c-CH3 

• CH 

Pinol. 
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Fifially, the structure of sobrerol (piiiol hydrate) and pinol has 
been determined by their forAiation from terpineof (in. p. 35°) in the 
following way : TeMpineol was converted into the dibromide, hydro * 
gen bromide removed, and the remaining bromine atom rGi>laced by 
hydroJiyl.* 



Terpineol. 


CH, 

on. 

C &3 

IBr 

/\Br 

/\iv 

f^Oll 

- ^ 

-* 

1 

V 


1 1 

1 • 

• (0113)30.011 

I 

(CH^OaC.OH . 

1 

(0113)30.011 

Terpineol dibromide. 

^romo-lcM'pineul. 

Sobrerol 


(pinol hydrate). 


CII, 



CII3 

no I 

HO^,— 


O 


! I 

(CIl3),C 1 

Piiiolglycol. 


HOOC co- 


ll, 



;cila o 


(CILOoC 1 

Ti rpeiiylic acid. 


In the formation of dipen tene, pinene passes through th^ inter-, 
ifficdiate stages of teri)ineol and ter^nn, and here again the inner ring 
is broken. 


O.CII, 



CII 



Pinene. 


Terpineol. 


OII.C.CH> 

n3C^cii>|Cii, 

OIl3.(J.OII I 

h^Cv^I^'oh?- 

CH 

Terpin. 


CII 



I Wallach, AmialePj 189j5, 277, 133. 
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In addition to ordinary or a-pinene, a small quantity of a second 
^isomer, )8-pinenG, is present in turpentine. It differs from the 
a-compoiind in always occurring as the laevo form in both active 
varieties of turpentine. Moreover, on oxidation it gives a cyclic 
ketone, nqpinone C.1H14O, with the loss of an atom of carbon, and re- 
placGMient of two hydrogen atoms by oxygen, in the same way*that 
/i-terpineno and ^-phollandrene yield cyclic ketones unc^er similar 
conditions. That /J-pinone differs from the a-isomer by containing 
an iinsaturated = CH2 sid'e has been definitely proved by its syn- 
thesis fij)m nopinone by WjQij^ch’s method, just as /i-phellandrene 
is obtained from isopropylcyclohexanone (p. 229}.^ 


O 



Nopinono. 


S 

HO^^^CHaCOOH 



Nopinol acetic acid. 


CH2 



iS-rinoiie. 


Camphene and Bornylene. Camphene is a solid terpene. ft is 
dextro-rotatory in ginger, rosemary, and spike oil, and laevo-rotatqyv 
in citronella and valerian oil. and in French and American tur- 
pentine. Berthelot obtained the same twd' active forms from d- and 
Z-pinene by the action of dry hydrogen chloride, which converts them 
into the corresiJoiiding d- and Z-bornyl chlorides (p. 219). It is also 
obtained from borneol and the isomeric isoboriieol (p. 222) by the 
action of dehydrating agents. Its mode of preparation would 
naturally suggest that camphene contained a double bond, and this 
is supported bj»^ the following evidence : the molecular refraction con- 
stant observed by Brulil, the formation of a hydrochlorocamphene, 
C10H17CI, with hydrogen chloride gas, of a dibromide GioHjcBrg, 
with bromine, and of a glycol, 0,oH4,j(OH)2, by the action of dilute 
permanganate. ^Oxidised witii nitric acid it yields camphoic o^id, 
which, on heating, loses carbon dioxide and forms apocamphoric acid, 
which has been synthesised by Komj^lia \ t 


* VViillach, Ann<acn. 1907, 356. 227. 

* iV., 190}, 34, 2472. 
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xCOOH 

CH^.O.gHa 


H«C- 


-^CH.COOH 


CHo.C.CH., 


H,C- 


-CII.COOH 


H,C- 


-CH.COOH 

Apocamphoric acid. 


^ • Camphoic acid. 

It would apppur from this array of simi>le facia that the structure 
of camphdne would offer no diihculty, and indeed for a long time the 
following formula was accepted without q|uestion ; * 

CH 3 * 

H3C— C CH 

CII3.C.JOH., 

, I 

H(jO CH CH 

It explains primarily its relation to camphor and borueol (sce>p. 245), 

and is consistent with the facts enumerated above, including its 
formation from pinene, M^Jiich is expressed as follows : , 


C.CII, 


HC^ 

on,.i 

n^o 


,CH 


'GU 


C.CH, 

ncr cn,'.CH, 


Cl I,. 


i.ici 


H 3 C' 


CII 

Pi none. 


C.CII, 


CIK 


CHIC, 


H,C' 



CH 

Intermediate product. 

C.CH., 

nc,^l' ■ 


CII 

Horiiyl chloride. 



CH 

Gamjihone 


Nevertheless, this view is contested fjy Wagner *and Sommlor, whose 
objection is based on the nature of the lialogen compounds from 
which camphene is prepared. 

in the first place, the additive compounds of pinfine and camphene 
with hydrogen chloride are not identical, for the pinene compound is 
much the«mor 0 stable. Thd^ hydrochloride obtained from pinene 
resists the action of boiling water to a great extent, whilst the cam- 
phene compoifnd almost completely loses diydrogen chloride by this 
treatment. 
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Yet neither substance is the true hydrochloride of pinene, wnich 
has been prepared by Wallach^ from nopinone by means of the 
Grignard reagent, which gives pinene hydrate an/cl treatment of the 
latter with phosphorus pentachloride. 



Nopinono. Pinone hydrate. Pinene hydrochloride. 

Corresponding to the first two hydrochlorides are two borneols, 
known as borneol and isoborneol, both of which are obtained simul- 
taneously by the reduction of camphor with sodium in alcoholic 
solution. By the action of phosphorus pentachloride on isoborneol, 
or hydrogen chloride on its alcoholic solution, cam phene hydro- 
chloride ih produced. Moreover, cam phene combines with organic 
acids in presence of sulphuric acid to form esters of isoborneol. It 
seems clear, therefore, that camphene and isoborneol are structurally 
related. Wagner and Brykner® have now shown that, when phos- 
phorus pentachloride reacts with borneol, a mixture of bornyl and 
isobornyl chloride is produced, but mainly the latter, which pro>es 
to be a’ secondary pi-oduct of the action of hydrogen chloride on the 
camphene formed by the dehydration of borneol. If in place of 
phosphorus pentachloride, dry hydrogen iodide is allowed to react 
with borneol, bornyl iodide is formed, from which alcoholic potash 
liberates a now terpene, called hornylene. Bornylene may also be 
obtained from borneol by the xanthic ester method described on 
p. 227, and in other ways.® As bornyl iodide is identical with the 
hydriodide of pinene, there is little doubt that the hydrochloride of 
pinene is the true halogen ester of borneol. 

As both borneol and isoborneol give camphor on oxidation, and 
until recently w'ere thought to yield camphene by dehydration, the 
differences between them were regarded as of a stereochemical nature. 
With the disco ve;;y of bornylene and the great divergence which is 
now recognized in the properties not only of bornylene and camphene 
but of borneol and isoborneol, this view has undergone a change, and 


< AnnalcHj 1007, 350, 227. * Ber,, 1899, 32, 2320 ; 1900, 33, 2121. 

’ Brodit ninl Sandkuhl, Aimalen, 1909, 366, 1 ; Henderson and Caro, Trans, 
Chem. Soc., 1912, 101, 1410. 
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they are looked upon as structurally distinct. Bornylene has received 
the formula originally attached to camphene, and *best indicates its 
relation to borneoUind to camphoric acid, which it readily yields on* 
oxidation. 


CHa C(CII3)-C1I(011) 

I 

CHa.C.CIIg 

I 

CHj, CH cn. 

Borneo!. 


CH., C(CH3)- CIP 

CH3.C.CIL, 

CH., ClI CH 

Bornylene, • 


CH,— -C(CH3).C00H * 
CII 3 .C.CII 3 

I 

OIL CH.COOH 

Camphoric acid. 


The structure of camphone is still doubtful. By carefully regulatecf 
oxidation, Wagner ^btained a camphene glycol, CmHicXOII),, wliich 
is, however, quite distinct from ciunphor glycol. From camphene 
glycol a series ‘of oxidation products have been prepared, among 
which a dibasic acid, camphenecamplioric acid, CioHi(i04, a hydroxy 
■•icid, camphenylic acid, P10H10O3, and a ketone, camphenilone, Cj^Hi^O, 
have been isolated and studied. 

Ill another direction \he action of chromylchloride has iirodiiced 
an aldehyde camphmiilan aldehyde, C9H15CHO, from wliich cam- 
phenilanic acid has been prejiared. Tliis acid has been converted 
successively into a bromo and a hydroxy acid, the latter being 
identical with camphenilone. In the present state of the camphene 
problem it seems useless to multiply the names and formulae of its 
derivatives, and the subject must be left until further research has 
thrown now light upon it. 

The synthesis of camphenilone by Bouveault and Blanc,' and by 
Konippa, by the distillation of the lead salt of caniphenic acid,'* and 
further, that of caniphenic acid by iipp,* point iTnmistakably to the 
formula for camphene proiiosed by Wagner^ and adopted later by 
SemmleA® 


» Compt. lend., 1908, 147; 1314. * Ber., 1914, 47, 934 (foot-note). 

9 Btr., 1914, 47, 871. * Ber., 1900, 33, 2124. 

B Ber., 1909^ 42. ?46, 9G2. 
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COOH I’ 


CH 


CH 


CH 



\c : CII2 

H,C^ 


CO 


in. 

COOH 

1 1 


1 

1 

1 

Clla 

i 

1 

1 1 


1 

H,C^ 


11,0^ 


;c(ciL), 

HaOM 



CH 


CII 


CH 



« Gamphcno. Caniphoiiilonc. Camphenic acid. 


This structure agrees well with the conversion of cainphene into a 
mono-ozoniile (Part I, p.l20) and the formation of cyclopropane ring 
with diazoacetic esler (Part I, p. 20i). i • 

Its relation lo hbrnyl chloriderpay bo represented as follows : ' 


C.CH 3 \ 

' Ei»cr^\cnci 


■ n.c' 


ICIIs-AcHsI 


Clio 


CH 

Bornyl chloride. 


CIO.OH 3 


n,c 

|CH, 

— > 

0H3.C.0IIa 

IlaC 



CH 


Camphenejiydrochloride* 


C---CII 0 


HC- 

^ ( 
, 1I.,C 



. ( 

OHj.i 

).0H3 


rCII, 


CH, 


CH 

Oamplioiie. 


nc, 


C(OH)CIl3 


--tCH, 


CH 3 .C.CIJ 


CH 

Isoborneol. 


Feuclieue. Two active fenchenes are prepared from corresponding 
fenciwnes much in the same way that bornylene or camphene are 
prepared from camphor. It is therefore necessaiy to preface a 
description of their 'preparation with some account of feiichone. 
Fenchone, CjoHjeO, was discovered b}’' Wallach in 1890. It is 
dextrogyrate in fennel oil {/oeniculum vulgare) and laevogyrate in 
thuja oil, in whwh it occurs* with tlnijone, an isomeric keton/). 
Fenchone has similar properties to camjjhor (p. 233), but is a liquid. 
It is a ketone, and forms an oxime, bub contains no CHg . CO group, 
since it yields no hydroxymethylene compound. On reduction it 
gives a secondary alcohol, fenchyl alcohol, CioHi^O,- from which 


^ Harries and Palineii, Ber., 1910, 43, 1432. 
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varidds terpenes of the formula OnjIIig, the fenchenes, can he obtained 

by the aid of dehydrating agents. Oxidising agents convert fenchene 
into apocamphoric ^ acid, whilst fenchone gives isocnmphoric aeid» 
(p. 245). Fenchoneoxiine, like camphoroxime, loses water on heat- 
ing with acids, and gives imsaturated fencholenic nitriles whicli, 
on hydrolysis, are converted into a- and ^-fencholenic acids. Those 
facts have found expression in a formula for fenchone which lias 
been confirmed by its synthesis by Euzicka, as follows 

Levulinic ester and brornacetic ester^are condensed by Eefor- 
matzky's reaction, and the ‘lactonic ester thus obtained is converted 
into the nitrile by means of potassium cyanide. On hydrotysis the 
resulting* iricari>ox5dic ester is heated with sodium and benzene, 
whereby a pontaniethylene dorivatiye is obtained. The following 
represent the above changes' : 

H,C CO . CII3 + BrCIIa . HaC-- C(C MJCII^ .►CO.C.,!!^ 

i I \o " ' ' " 

I I 

H,0 OOjjCaHs . H,C-CO 

H.C— C(CH,)CN Had— C(Cll3)CO.,ir II^C— (’(CII.OCOJI 

I I I ■ I 

■ OUa.COAHW OHij.COsjn-> Clla 

JET.C -COaC.HJ H^C— COjiH n^C— CO 

• The ester of this acid is condensed with brornacetic ester, and by 
eliminating water from the product an unsaturated ester was obtained, 
which was then reduced." 

Il2C-C(OIl3)CO^R II.C- ClCIIyjCOaR iL/) CIOHgjCO^R 

CHa CHg -> CHa 

ri4C-C(0H)CIIaC03R IIjC c!l=Cn . CO,,J3 H.C-CJII.OHsj.COaB 

By distilling the lead salt of the last acid, methyl norcamidior is 
formed. On methylating the latter with methyl iodide and 
sodamide, a mixture of fenchone and fencliosantenone was obtained. 

HyC^CCCHa)— CO HgC— CiCiy-CO IlgC— C(CHy)— CO 

CHo . CIJ'o CH, 

I 1 ' I ' 

HgC— GH CIIjj HgC— CH CH . CH3 HaO— CII ClCHa)* 

Methyl norcainphor. ^FeiicliOfiantenom*. j Fenchone. 


. 1 Ber., 1917, 50, 13G2. 
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This formula agrees with the structure of dilif} 
wiiich Bouveault and Levallois ^ obtained by synthesis, 


H.C-CtCHajCO. NHa 

I 

Clla 

' H,C -CH.CH(Cir,)j 

Diliydrofeiiuliultiiiamide. 


qcUjjCOjH 


H,c- 




ciKCiij), 


Fulicholic acid. 


and also from the behaviour of fenchone on heating with caustic 
potash, when it passes smoothly into fencliolic acid (methyl isopropyl 
oyclopeiilane carboxylic acid).^ 

In addition to the action of dehydrating agonts* on tho fenchyl 
alcohols, the fenchenes may be. prepared by removing hydrogen 
chloride from the fenchyl chlorides, which are in turn formed from 
the alcoliols by the action of phosphorus chloride. In this way 
at least four fenchenes are obtained, two from each of the active 
fenchyl alcohols, which are distinguished by the symbols d, Z-a-, and 
d, according to the method of preparaulon, of which Z-tt-fenchene 
from d-fenchone is best known. In its preparation d«feiichone is 
reduced to fenchyl alcohol, which is laevo-rotatory. If carefully 
cooled when phosphorus chloride is added, a strongly laovo-rotatoiy 
fenchyl chloride is formed, from which Z-tt-fenchojw is obtained by 
removing hydrogen chloride with aniline. It is a curious fact that 
if the fenchyl alcohol is not cooled during the action of the phos- 
phorus compound, the product is dextro-rotatory. 

The synthesis of r-a-fenchene has reoojitly been effected by 
Komppa and Roschier-' from fenchocamphorone, which had been 
previously synthesized (see p. 225), by the action of magnesium 
methyl iodide and distillation of the resulting alcohol. 


ILC- -CII CO 

I CH,.C.CHn 


II, C 


CII 





1 

— 

CII3.C.CH3 

1 


CII, 

H.C CII 0:CII 

on ■ ■ I 

icna.C.CHs 


I 


11 , C CII Clla H,C--CH CH^ II,C- 

Feiicliociimphoroiit*. Fencliocamphoryl alcohol. r-a-Feiiclieiie, 


-CII CII, 


This view of the structure explains the various oxidation products 
obtained by Wallach. Fencheue yields a liydroxyfencjienic acid, 
CiolIieOs, which, like a-liydroxy acids, is converted by means of 


1 Co iipf. mid.. 190S, 146, 180. 
^ Jnualtn, 1909, 369, 71. 

® Abbtr., ]V)1G, i, 406 ^ 
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lead piroxide’ and sulphuric acid into a ketone, fencliocainphorone, 
with elimination of carbon dioxide. 

C^IIi^OH . COOll + CO.^ 

Fenchocamphorone yields, on the one hand, an oxime which 
feadilj loses water and passes into fenchocaniphonitrile, Oallu^CN, 
and, on the other, passes by oxidation into apocamphoric acid. These 
changes are ^‘epresented by the following formulae : 

/OH 


H..0- 


OH, 


_CII C:C1I^ 

.i.CH, 


^CH 

CH''.C.C1I;, 


2-CII. 


K 

I \C00f[ 


r-a-PoiicliGne. 


H,C CH CO 


CH .CII2 

»l-IIydroxyfeiiclioiiic acid. 


IlaC- 


CHj.C.Cll^ 


IIX CH Cfliji 

FoiLchocuiiiplioronc. 


-CH COOH 

I C(CH3), 

I1 .,C — cii.cooh‘ 

Apocamphoric acid. 


Komppa ^ has synthesiysed fenchocaniiihorone by liealing the lead 
salt of homo-aiiocamphoric acid. 


cii^— cii . c'oon 

I 

CHjs-cH.ciT2.c0dH 

Ilonio-apocamphoric aci d. 


CH.— CH- 


■CO 


CH 


ClCIl,), 
-CH 


-CII« 


2 v^xx wx j 2 

Fo 11 cl I ocaii ) pli or on o. 


The presence of an exocyclic double bond in ?-a-fencliejie is proved 
by its formation, together with /^-pineue, from nopinolacetic acid 
(jD. 218) when acted on by deliydrating agents,- 
/OH 

H.C CH. CC II3C CH C=CH2 



"'CH2.COOH 

1 

CII3.C.CH3 


CII.,.C.CH3 

1 


HC CII2 CH 

Ndi>inolacetic acid. 


M^C cm — CII2 

j-a-Fcuclicne. 


Thiijeiie. JThujene, like fen^hene, is obtained from a corre- 
sponding ketone, tJmjme or tanacetone. According to Wallacli, 
thnjone exists in ii.omeric forms. Together wiMi Z-fenchone it occurs 

' Ber,, 1914. 47. 933 

> Wallacb, 1907, *Annalm, 357, 5B ; 2908, 363, 3. 

( - 
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as the chief constituent of thuja oil, but is also found in wormwood 
and sage oil, and is laevo-rotatory. The ) 8 -compoCind occurs mainly 
in tansy and wormwood oil, and is dextro-rotatory. Chemically they 
are very similar. ' 

Tliujone is separated as the bisulphite compound. As its constitu- 
tion is bound up with that of thujene, we will consider the pro^^erties 
of the former first. Thu j one forms a semicarbazone and an oxime, 
wh’ch gives thujylamine, CioHiYNlIg, on reduction. On distilling the 
hydrochloride of the baso, thujene is formed. Thujone is saturated, 
i.e. it .yields no additive, products, and therefore presumably is a bi- 
cyclic ketone of the nature of carone, a view which is confirmed by 
its high molecular refract ivity (44 ‘78), which is r,above the normal 
(44-11) (see Part II, p. 27). Its resemblance to carone is further 
demonstrated by the action of heat, which converts it into the 
isomeilc carvotanacetoiie in the same manner that carone yields 
carvenone (p. 205). Now the structure of carvotanacetone is known 
and is derived partly from its formation from carvone hydrobromide 
by reduction and partly by its conveision into carvomenthol, the 
isomer of menthol. These facts are expressed by the following 
structural formulae : 


O.OH 3 

OCj^|CH 


C.OH 3 

0 C/\CH 


H. 




on . OBr(cn3)2 

Carvone liydrobrumide. 


CH.CH(CH3)2 

Gar votanaco tone. 


CII.CH 3 
HO. no/\o Hg 

Hgd^^lcHg 

OT.OHCCHj)* 
Carvomenthol. 


OH . CII 3 

OCr^\cH 


n3( 



C.OH 3 

OC/\cH 




lOHg 

C.CH(0H3)3 

Thujone. 


H,0! 




iOHg 

on. 0H(cn3)2 

Carvotanacetone. 


Wallach fo’ind that thujone undergoes a further isomeric change 
on boiling with sulphuric acid, yielding an unsaturated ketone 
isothujom, which, according to ^^nimler, contains a cyclopentane 
nucleus ; but the consideration of this compound nee^ not detain us. 
Thujene combines with hydrogen chloride and gives terpinene di- 
hydrochloride, and is' transformed into* terpinenol on shaking with 
dilute sulphuric acid (p. 203). Thujene can also be prepared from 
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thnjoiie by 'means of the xanthic ester method elaborated b^^ 
Tschugaeff,^ and which seems capable of a veiy wide application. ^ 
Thujyl alcoliol, Avhich is obtained from thujone by reduction, is 
converted into flie xanthic methyl ester by treating ihe sodium 
compoupd of the alcohol with methyl iodide and carbon bi-sul- 
phidl5. It is then decomposed by dry distillation and givesf the 
terpene : 

0,„TInO . CS . SCH^ = 0,oHi6 + COS + CH.SII 

Thujyl xantliic ester. Tlmjeiio. • 

According to Tschiigaeff, the thujene obtained in this way (/j) is 
isomeric find ndfc identical witli the first, and considers that they 
stand in the following relationship : ,• 


CII^ 

CH, 

A 

A 

\ 

i\ 

U 

1 

1 

1 

i^riuijene. 

jS-l'liuJene. 


Sabinene occurs in savin oil, and also in Ceylon cardamom oil and 
mjjrjoram oil. It shows a molecular refractivity (M = 44'88) some- 
what above the normal (M = 4IJ-53), and therefore probably contains 
a cyclopropane ring. Oui* knowledge of its properties and structure 
is mainly due to the researches of Wallach.** It presents not only 
an example of those curious isomeric changes to which these sub- 
stances are peculiarly disposed and by which they are transformed 
into other terpenes ; but sabinene has furnished material for the 
synthesis of several terpenes whose structure has been ascertained 
by its aid. 

With dry hydrogen chloride sabinene forms a monohydrochloride, 
but with the moist acid it gives terpinene dihydrochloride. When 
shaken with cold, dilute sulphuric acid it yields torpinenol and 14 
terpin (p. 228), and when heated with dilute sulphurTc it is converted 
into terpinene. The last may also be obtained directly from sabinene 
and its hydrate. These transformations are readily explained as 
follows : 

• * 

* J, Buss. Phys. Chem, Soc., 1904, 30, 988. 
a Annalen^ 1907, 350, 165 

- • • * 
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2 ilS 

CITa „ 

:| 

C 

HCj^^cn, 

h,c!^\^Ich, 

c 

I 

CH(CH,)2 

Siibiuene. 


CH 3 

CII, 

C 1 I 3 • 


CH 3 

!\ 1 

f 1 "' 

a ■ 

0 

< 

1 ^ 
A 

1 

/\ 

Y" 

\^01 

r 

1 1 

OH 

\J 

1 

Sabinere 

hyclrochloridft. 

Terpinene 
(li hydrochloride. 

1 . 4 Terpin 

Terpinenol. 

a-Terpineno. 


When reduced with hydrogen in presence of platinum black it 
gives the same hydrocarbon as thiijene, which has been ‘termed 
thujane,^ When sabinone is oxidised with permarganate it loses an 
atom of carbon and yields a ketone, C9II14O, known as sabina ketbne. 
From this it follows that the carbon of the unsaturated side-chair is 
lemoved and replaced by oxygen. 

O 

G 

cH(cn3), 

kutone. 

When sabina ketone is acted upon with hydrochloric acid it 
yields a hydrochloride from which hydrogen chloride may be again 
removed by warming with aniline. The original ketone is not, 


Tschugaeff and Formin, Compi, rencLf 1910, 151, 1058. 
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howev'or, regienerated, but two new cyclic ketones, which hjive been 
identified as and A® isopropyl cyclohexenoiies, are produced. 


• 

0 

• 0 

0 

0 

yK 

K 1 

* 11 

0 

A ^ 

yA 

I • 

1 

Cl 

Y ’ 

J 

1 • 

Sabina 

Isopropyl 

A* Isopfopyl A® Isopropyl 

kotone. 

cyclohexaiioiiyl 

chloride. 

• 

oyclolio^tj^iono. cycloliexenono. 


The two l&tter hftve been utilized for the synthesis o/ a-terpinene and 
a- and )S-phellandrene. ^ * 

a-Phellandrene wfis obtained from the A® cyclohexenone by means 
of the Grigiiard reagent and subsequent removal of water. * . 



A* Isopropyl A® Meulhenol. a-Plicllaiidrene. 

cycloliexenono. 

The forinatiou of /:J-terpinene has already been described (p. 200) ; 
that of )9-phellandreiie is of a similar character. 

A- Isopropyl cyclohexanone is combined with a-bromacetic ester 
in ju-esence of zinc. The resulting liydroxy-ester is hj'^drolysod and 
heated with acetic anhydride, whereby water is eliminated. The 
unsaturatcd acid which is formed is heated, when carbon dioxide is 
split off and yS-phellandrcne is formed. 


o 

II 

Y\ 

1 II 

HOv^^CH^. 

COOCJI, CH.QPOII 

CIIj, 

1' 

/\ 

1 |i 

Y\ 

1 Ii 


1 II 

\Y 

1 

V 

1 

'\) 

1 

1 I 

\Y 

1 

1 

! 

1 

1 

A® Isopropyl 
cyclohoxonone. 

A® Meiitheiiol 
acotic-cster. 

^-PJiellandronc /I-Pholliiiidroiio. 

carboxylic acid. 


The relationships of sabinene to the otlier terpinenes may be 
tabulated in the following way : 
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f 


v~~ 

1 . 4 Terpiii 
Terpinoiiol 
a. lerpineiie 


Sabinene 


Sabina ketone 


Sabin ol 
acetic ester ••• 

I 

/3-To»-piiiono 


P-Piiollandreno a- Phella tidreno 


i 

A* Mentheiiol 
acetic eater 


A® Isopropyl 
cyclohexenono 

I 


A® Mentlienol 


We have not exhausted the subject of the terpones, nor even 
enumerated all ^ the known mernbors. Wo have ‘been (Sonient to 
give a sufficiently broad resumd of this branch of organic chemistry 
to enable the reader to realize the nature and remarkable reactivity 
of the^e'substances. 


The Menthanols. The menthanols include the hydroxy-doriva- 
tives of ijexsbhydrocymeno. The best-known member of the group, 
Z-menthol (or 3-menthanol), is the i)rincipal constituent of pepper- 
mint oil, and has also been prepared from pulegone (see p. 231). On 
oxidation it yields the ketone, montlione, and* is therefore a secondary 
alcohol. A d inenthol has been obtained by Kori^lakon and Tschu- 
gaeff^ by reducing the menthone from buceo oil. As menthonb on 
further oxidation yields /S-mothyl adipic acid, the position of the 
ketone group is the Sjuno as that in pulegone. The isomeric carvo- 
niGiithol is obtained from carvone, and the position of the hydroxyl 
group is thereby determined. 


OH . OH., 
HaC^lCH . OH 

CB.CHlCHg), 


CH.CIIs 

h,c/\gh, 

HaC^JcH.OH 

^.CH(CH3)j 


CiirvomuiiLhol MeiiUiol 

(^2-mcnt]i:inol). (S-nionllianol). 


Oertain synthetic menthai^.ols have also been prepared by Perkin 
from the hexahydrotoluic acids by means of the Grignard reaction, 
as already described (p. 197). They therefore contain a tertiary 
hydroxyl in the isopropyl side-chain. • 
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THE CAMPHORS 

It hafi already been stated that many oxygen compounds closely 
allied to the terpenes in chemical structure are found associated nvith 
them in plants. Cinool and terpiucol liave already been described, 
and here and there a reference has been made to substances having 
the formula OioIImO, and possessing the properties of ketones. 
Some of these, like the artificial producti 5 /lihydrocai*vone or carve- 
none, arc unsaturated andhavQ a mono-cyclic structure ; othei’s again, 
like nStuifil fencAione and thujono, or carone which is prepared from 
earvone, are saturated and contain a hi-cyclic nucleus. The ketones 
are therefore divisible into two groups like the terijenes. In a<klition 
to the above are two important membei's of tlie camphof* group, 
namely, pulegone^ which belongs to tho mono-cyclic divisioii, and 
camphor, which must be included in the bi-cyclic division. 

t • 

Fulegone. Pulegone is the chief constituent of oil of pennyroyal 
(mcntha [julegiwn), and was isolated in 1891 by Beckmann and 
Pleissner, studied by fJemmler and Wallach, and ultimately syn- 
thesised by Tiemann and Schmidt in 1896.' It is separated fivnn 
the crude oil by means of flie bisulphih^ compound and is dextro- 
rotatory. It forms an oxime and a semicarbazone, a crystalline 
hydrochloride and hydr 6 bromide, and a characteristic nitroso com- 
pound having the double molecular formula (C^,lI, 50 N 0 )j^ Finally, 
on reduction with sodium and alcohol, it takes up two molecules of 
hydrogen and passes into ordinary Z-menthol. These iacts indicate 
an unsaturated ketone in which the ketone group is determined by 
its I'elation to menthol.' 

CII.CH 3 

CIl 

1 

ClI(C& 3 fe 

1 Ber., 1896, 29, 913; 1897, 30, 22. 

> The oxime is hot, however, that of pulegone bi^t of isomeric isopulegone, the 
action of the hydroxylamiife having the effect of shifting the double bond. 
Wallach, Annalen, 1909, 365^ 240. 
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Tho position of the double bond is also to some extent indicated 
by the behaviour of pulegone with 'hydroxyl amine. It has been 
shown by Wallach and others that cj^clic ketones with a double 
bond in the a/:?“position to the ketone group exliibii? a characteristic 
behaviour with hydroxylamine, depending upon whether the double 
bond is in the nucleus or side-chain. In tlie former case * two 
molecules of hydroxylamine are utilized, and so-called oxamino oximes 
are formed in which one hydroxylamine molecule forms an additive 
compound at the double Vond, and the other attaches itself to the 
ketone group. 


cn 

IIO.llN OH., 

Ec/\co 

EC-^ \C : NOH 

+ 2NH,OH 

— »• i 1 


IIgC\ /OH, 

CIIK 

OHK 


" Oxamino oxime. 

- 

In the second case, where tho double bond is in the side-chain, 

either the additive or oxamino compound is formed, or else the true 

oxime. 


This is the csise with pulegone. which forms both an oxime r/nd 
an oxamino ketone. The double bond lies therefore in the isopropyl 

side-chain. 


CH . CH3 

OH . OH 3 


H, 0 j^. 01 I, 

Haci bo 

II,Ov Jo:NOH 


I 

j 

0. kh.oh' 

1 

c 

/\ 


H^C OII3 

> H3C CH, . 

Oxamino puligono. 

Isopulogouo oxime. 


This conversion of pulegone into isopulegone is also effected by the 
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action of lead nitrate on pulegoue hydrobromiile. wliilst tlio reverse 
change is accomplished by the action of baryta (p. 254). 

This view of the structure of pulegone explains its oxidation by 
permanganate ic; acetone and ^-inethjd adipic acid, and its decomposi- 
tion on heating with formic acid or water to 250° into acetone and 
methylcyclohexanone. 


CII . CII- 

n,c/\ou* . 




o 


/ 


CTTj-C— CHa 

1’nli‘goiie. 


\ 


CII . CII;.. 

HaC|^|CIIa 

CQOH 

coon 

/3-Methyleidipic acid. 


OH . CTI3 
IlaC/^CH.^ ■’ 




ICO 


CHa 

Methylcycloliexaiioiie, 


Tlie interesting syntheois of pulegone from citroiiollal is described 
on p. 254. 

The table on p. 234 shows the relationsliips existing Ijetwoen the 
mono-cyclic camphors and certain other compounds, which have been 
discussed in tlie foregoing section. The cainx>hors are priiited in 
thick type. 


Camphor. Common oi* Japan camphor is one of tho oldest 
known organic compounds. By reasiwi of its ciy^talline character 
and easy purification, its extraordinary reactivity, its association 
with the terpeiies, and its coniparative abundance in nature, it lias 
attracted the attention of more than one generation of chemists. 
It was analysed by Dumas and found to have the formula 
As early as 1785 its behaviour with niSric acid was studied by 
Kosegarten, who obtained the acid, now known as camphoric acid 
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the formation of which was afterwards correctly interpretea by 
Malaguti, Laureirt and Liebig. 


C.CH, 

UCj^\c.OH 

ncL i'c: 


c . ni 


Thujone 

i 


H 

Carviiorol 

t ^ 

Car von e — > Eucarvone 

i 

CiiTonp - 


o.cA, 

nCj^cH 


OH 
C CH(CHj), 
Thymol 


Carvotanacetone Dihydrooarvone 

.it 


► Carvenono 

i\ 


Diliydrocarvcol 

I 

Carvomonthone 

(tetrahydrocarvono) 

it 

-> Oarvonionthol 


. H,c/\ 

^“C\/ 


CH.CH, 


OH. OH 
CHa 


HgCj 

II. 


Fulegone 


Menthone 

t 

■> Mentliol 
CH.CH 3 
iCHa: 


OH . CII(CH0a 
Tlio Monocyclic Camphors and related Compounds. 


'OII .OH 
CH.CHeCHj)* 


During the last quarter of a century a host of skilful workers have 
concentrated their efforts in attempts at discovering its structure, 
with the result that no less than thii*ty dilTerent formulae have at 
one time or another been proposed. The earlier formulae were 
based on the behaviour of camphor with dehydrating and other 
agents. Phosphorus pentoxide or pentasulphide yield mainly 
p-cymene ; zinc chloride produces a variety of aromatic hydrocarbons, 
among which toluene, w-cymene, m-xylene, os-ethyl-o-xylene, and 
totramothyl benzene have been identified ; hydriodic acid forms 
tetra- and hexa-hydro-m-xyle5ie, and iodine produces considerable 
quantities of carvacrol (hydroxy-p-cyinene). 

The appearance of so many simple aromatic compounds clearly 
pointed to a benzene skeleton. It was only necessary to clothe it 
with suitable groups and side-chains, which should account for the 
ketonic nature of the *jompound, the formation of the dibasic 
camphoric acid, and as many of the aromatic hydrocarbons as their 
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varie^l iiatui'Q would admit of, in order to obtain a satisfactory 
formula. It is clear that the> process admitted of*varied treatment 
and sonie ingenuitj^,. An entirely new light was tlirown on the 
structure of camphor in 1898 by Bredt’s' discovery of the con- 
stitution of camphoronic acid Ct*Hii(C 02 H) 3 , which Kachlor '^ 
had found with camphoric acid among the oxidation producjbs of 
camphor. 

Bredt showed that when camphoronic acid is heated it breaks up 
into trimethylsuccinic acid and isobutyric .§.cid, wliilst carbon dioxide 
is evolved and some carbon* is deposited. This decomposition may 
be expressed as follows: 

CII 3 . CII . CO 2 H 

20,IIn(C02H)3 = i + 2(CH3).>CII . CO.,!! + 2 OO 2 + C 

(CH.,)20 . CO^H 

Not only is the yield of trimethylsuccinic acid very considerable 
(60-70 per cent.), but its aiipearance cannot bo ascribed to any 
secondary process, seeing JLhat Koenigs obtained the same acid by 
the direct oxidation of camphoric acid with chromic acid. 

Camphoronic acid, according to Bredt, is a trimethyltricarballylic 
acid having the follov;ing formula: 

• (CH3)2C~SC(CH3)-icH2 

Ml M 

IIOOC COOH COOH 

Camp]ioronic acid. 

c 

Its conversion into trimethylsuccinic and isobutyric acid is readily 
explained by supposing the rupture to occur along one or other of 
the dotted lines. In the one case two niolecuh^s of isobutyric acid 
will be formed, and in the other, one molecule of trimethylsuccinic 
acid. 

The structure of camphoronic acid has been completely established 
by Perkin, jun., and Thorpe,^ who obtained it synthetically in the 
manner described in Part I, p. 219. The disposition of nine out of 
ten carbon atoms is thus accounted for. and as camphoronic acid is 
als«/ obtained by oxidising camphoric acid, the two must contain tho 
same grouping. Bredt showed that camphoronic acid is also formed 
when campPianic acid CJUH 14 O 4 ' is oxidised. Camphanic is a lactonio 

Ber., 1893, 26, 3017 ; Annalm, JSOC, 202, 65. 

^ Annalen, 1871 , 159 , 286 . 

* Tram. Cffjem. Soc,. 1897 , 71 , 1169 . 
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acid derived from hydroxycamphoric acid, and is produced when 
water or alkalis ‘act upon bromocamphoric anhydride. 


CO 

^8^ 1 a® 

CO 

Bromocain pi i orio 
anliydride. 


/COOH 


0 ,H,,( 0 HK 

'^COOH 




^CO 

^COOH 


Intcnnodiate product. 


Gamplianic acid. 


According to Bred t the -degmdation of the camphor molecule on 
oxidation is represented as follows: 


CH, 


CII3 

I 

-G CO 

I 


OIL 


CH3 

-C - COOH 


CH3.O.OH3 

I I 

cfijj — cn GH2 

Camphor. 


CH« 


CH3.C.CH3 

I 

cii^ — CH — coon 

Oampiioric acid. 

CH3 

I 

-C -COOH 

I 


CII3.C.CH3 
I 

Clla -C(OH). COOH 

Hydroxycitrapboric acid. 


cir., 

I 

CHj C- COOH 

I 

CH, . C‘. OH, 

I 

CHj, CO 

liitcriiiediate kotonic acid. 


CH, 


CII3 

I 

-C-COOH 


CH., . C . CH 

1 


3 


COOH COOH 

Camphoronic acid 
(Trimetliyl-tricarbalbdic acid\ 


Bredt’s formula was accepted with some reserve ; for although 
it rej^resented in a simple and natural fashion the stages in the 
resolution of the molecule by oxidation, it appeared to break down 
when submitted to the test of ether reactions. Many of the difficulties 
at first encountered in adopting this formula have since been removed, 
a result to be mainly attributed to increased familiarity with the 
properties of * ring and more especially * bridged-ring structures. 
The occasion for balancing evidence in favour of^ one or other 
formula has fortunately disappeared ; for Bredt's formula has 
received the best possible confirmation in the discovery of Komppa*s 
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S 5 "nthesis of camphoric acid. It only remniiis, therefore, to adjust 
Bredt’s camphor formula to tMe facts and then to tl-ace as briefly as 
possible the principal transformations wliich this many-sided com- * 
pound undergoeif. 

1. Camphor is a Tcetone^ for it forms an oxime, C,oII,c:NOH, 
a bromoplienylhydrazone, C.,,!!,,. : N . NH . C.jH^Br, and a semi- 
carbazone,^ CkjHio :N . NHCONHg. On reduction it yields tlie 
secondary alcohol, borneol, C ^Hi-OH, and when heated with 

• ammonium formate, the base bornylamiiio, wlifch is 

also formed when camphoroximo is reduced. 

2. Camphor contaim the CHg . CO—. Claisen and iianasse 

prepflffed an isoi^troso derivative and a hydroxymethyleiie camiflior 
by the usual methods. ** 


yCO 


^0:N0H 

l:$onitroso-camplior. 




CO 


'Cicn.oH • 

Ilydroxynietliylene Ctamplior. 

It also forms with benzaldehyde and its derivatives benzylidone 
compounds of the following type: 

.CO 


C»Hu< I 

\C:CH.C«H6 

Beiizylideiiu camphor. 


•All these rejictions are associated with the above — 0112*00 — 
group. 

o. The gwup — dig . 0(5 is transformed into the two carboxyls of 
camphoric acid. Claisen and Manasse showed that isonitroso-cam])hor, 
on hydrolysis, yields camphor-quinone, which, on oxidation, is con- 
verted easily and completely into cam 2 )horic acid. 


CsH 




CO 

I 


‘u\ I 

^C ; NOH 

Isonitroso-camphor. 


C.H,4 



Camphor-quinone. 


.CO /COOH 

0«h/| + 

\co ^cooli 


Camphoric acid. 


•- *• 

Moreover, the two carboxyl groups are differently disposed, for 
there exist twp series of acid esters (known as ortho and alio or 
a and P ) ; two camphoraanic acids, two amino acids, two hydroxy 
and two cyano acids, and also a corresponding series of four un- 
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saturated monobasic acids, O^H^ 3 . GOGH, known as a-dampholytic 
p’ or cis-camphdlytic (or isolauronolic) acid, alld-campholj^^tic (oi 
lauronolic) acid, and an isomeric lauronolic acid, all of which will 
be described later (p. 246). 


C.Hu<( 


COOH 


C«H 


< \j\j 

NT 


COOR 

yCOOH 

no.NHa 

-COOH 


14 C 

NO 


NH„ 


.COOH 

CgH,/ 

OH 

/COOH 

C„H,,.COOH 


The ortho and alio (a and P) scries of Camphoric acid uorivatives. 


The relation of camphoric acid to camphor is further established 
by the experiments of Haller,* who succeeded in transforming 
camphoric anhydride into camphor in the following way : 

Camphoric anhydride can be reduced with sodium amalgam to 
campholide. 

CO CO 

CgH,/))© + 4H = C,nH<(^0 + H,0 

W CHg 

Camphoric anhydride. Campholide. 


Campholide, when heated with potassium cyanide, yields the 
nitrile of honiocamphoric acid. 

c.h.,<5o V 

- \CH 2 .CN \CHg.COOH 

Campholide Homocamphoric nitrile. Homocamplioidc acid. 


Filially, the calcium salt is heated, and camphor distils- 

COO Ca .CO 

C,H,,<;: 1 =0,1T„<(| +CaC 03 

^CHa.COO ^CHa 


There are other ways of preparing homocamphoric acid directly 
from camphor, but they do not possess the theoretical interest which 
attaches to the synthesis from camphoric acid. It is a sigiiihcant 
fact that whilst camphoric acid, like ^lie succinic and glvtai'ic acids, 
yields an anh 3 ’^dride on heating, honiocamphoric acid does not, and 
consequently' the carboxyls in the latter must be j^eparated by at 


* CompU *c«rf.,,1896, 122. 440, 
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least a four-fearbon chain. It follows that camphoric acid, which is 
the lower homologue, must possess a three-carbon 'chain or glutaric 
acid structure. , 

The structurdl relations between camphor and camphoric acid 
being thus clearly established, we have still to ascertain the cause 
which underlies the difference in the disposition of the two carboxyl 
groups, and to discover which of these two groups corresponds to the 
ketone and which to the methylene group in camphor. Chemical 
and physical evidence combine to prov^ that both camphor and 
camphoric acid are saturated compounds. By the action of bromine 
on camphoric anhydride substitution takes place, but only oix^ mono- 
broilfb derivative, fu-bromocamphoric acid, is formed. As bromine 
always attaches itself to the a-carbomin an acid, thidre can be but one 
a-hydrogen, and camphoric itcid will probably contain the group : 

C 

C.COOH 

6h . COOII 

The differentiation of the a- and ^S-series is arrived at in the follow- 
ing manner : when isonitroso-camphor is warmed witli hydrochloric 

acid it is converted into camphoramic acid of the u-series. 

♦ • 

C C 

I I 

C CO -^HaO = C.COOH 

dH-0:lfOH CH.CO.NH 2 ' 

It is the methylene group, thei'efore, which rejjiesents the tt-carbox}^ 
in camphoric acid. 

C 

I 

C.COOII(^-or alio) 

CH . COOH (a- or ortho) 

4. Camphoric acid contains a trirnetlujhjluhiric group : 

CH3 CIl... CII,. 

HOOC.CJJ.C C.COOH 

I I 

An important, clue to the structure of camphoric acid was afforded 
by the researches of Balbiano. By oxidising camphoric acid with 
permanganate very slowly at the ordinary temperature, thereby 
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excluding the likelihood of intramolecular change, he obtained, in 
addition to small quantities of camphani^s, camphoronic, and trimethyh 
succinic acids, a dibasic acid, C8H22O5, and an pquivalent quantity 
of oxalic acid as the chief products. This new acid, on reduction 
with hydriodic acid, gave, among other products, an acid, 0^H2404, 
which was identified <aa ayS^-trimethylglutavic acid, afterwards pre- 
pared synthetically by Perkin and Thorpe.* Balbiano’s acid does 
not possess ketonic properties, for, although it combines with 
hydroxylainine and hydr.yines, the products am of the nature of 
additive compounds, and the compound almost certainly represents 
the inner ether of a dihydroxytrimethylglutaric acid, having the 
structure, 

CII3 

I 

C.COOH 

C.CII3 
I 

CII.COOH 

Balbiaiio's acid. 

Its appearance in company with oxalic acid is very simply explained 
by the aid of Bredt’s formula: 



CII3 ^ CH3 

CHa — 0 . COOH COOII HO . C . COOH 

I 

CH3 . C . CH3 + CH;, . C . CH, 

CHa CH . COOII COOH HO . CH . COOH 

Oamphorio acid. Iniormcdiato proaucu 

CH3 



5 . Camphoric acid is a derivative of Cyclopentane. The pmsence of 
a 5-carbon ring in camphoric acid appears very probable when the 
following evidence is considered. Lapworth ‘ showed that when 
Jiomocamphoric acid is brominated and hydrobromic acid then 


‘ Trans. Chem. Soc., 1899, 76, 61. 

* Tram. (jhem. Soc., 1900, 77 , lOSSw 
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removed, an unssiturated dehydrohomocamphoric acid is formed 
which yields oxalic and campliononic acid on oxidation. 


.COOH • 

C 7 H„< • 

I ^ N3 H . CHa . COOH 

HoinociUliplioric acid. 

. XOOH 


CHH,/ 


COOH 


1 ^CH . CHBr . COOH 

a-Bromobomocamphoric acid. * 


I \C:CH.COOn I . N 


COOH coon 


I ^C:CH.COOn 

Bcliydrohoinocamplioric ;icid. 


I • \CO coon 

OiUPjphoiioilic acid. 


No^^caiiiphom^ic acid is a saturated kotonic acid which may also 
be obtained by heating the anhydride* of lioinocamiMioronic sicid to 
200 - 2 ^> 0 ^ 

Ilomocamphoronic acid, whicli is i^robably rexn*esenied b>* one of 
the following structural formulae, yields campliononic acid as 
follows : 


COOH . Clla . CHa . C . COOH CIIs^ 0 . COOH 


CH:,.C.CH3 

COOH. 


CH 3 .C.CII 3 
Oil, — CO 


+ 003 + 11,0 


COOH . CH„ . 0 . OOCJn CH„ — C . COOH 


CHa.C.CHs 


CH,.C.CH^ +COji + HaO 


CHo.COOH CO- 


Ilomocamphoronic acid. 


Camphonouic acid. 


Another piece of evidence of a similar nature has been contributed 
by Noyes.^ Isolauronolic acid (see p. 218) gives on reduction a 
dihydro-derivative in which one a-hydrogen can be replaced by 
bromine. By the action of baryta on the bromine compound 
a hydroxy-dihydro-isolauronolic acid is obtained which, on oxidation, 
loses carbon dioxide and forms a ketone. 

CgHia.COOH -e. CsHi-. cooil CJlHBr.COOII 

C,Hi, (Oil). COOH C«IIx40 


' Bcr., 1899, 32, 2288 


PT. Ill 
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This ketone was synthesized and identified as 2 : 8 : 3-trimethyl 
cyclopentanone' in the following way»: by combining sodium methyl 
malonic ester with y-bromoisocaproic ester, the ester of 'a tribasic 
acid was obtained which, on hydrolysis, gave the- acid. This acid 
loses carbon dioxide on heating, and passes into a/3^-trimethyladipic 
acid, the lime salt of which is converted by heat into the ketone in 
question. 


/COOR CH 3 V 

CH 3 . 0 . Na 4 ■ ^CBr . CH. . CH., . COOR 

\COOR CII 3 / 

COOR CH, 

II’ 

- = CH 3 . C C . CH 2 . CHg . COOR + NaBr 

I ’ I 
COOR CII 3 


CH3 

HC.COOH 


I 


CH3.C.CII3 

I 


CH2.CII2.COOH 


ai3/9-Trimetliyladipic acid. 


CH3 

I 

CH — CO 
CH3.C.CH., ' 
Oils— CII, 


2:3: 0-T'-imethylcyclopentanone. 


6. Komppas synthesis oj camphm'ic aGid. This rynthesis affords the- 
most convincing in*oof of the correctness of Bredt’s formula. Ethyl- 
diketoapocjimphorate, which is the starting-point, was prepared by 
Koinpj>q,’ by condensing ethyl oxalate with ethyl ^^-dimethylgluta- 
rate (Pait I, p. 227 j. 


CO2R ilCH.COoR 

1 

+ CH3.C.CII3 
CO2R HCH.CO2R 


CO CH.CO2R 

I 

CH3.C.CH3 +2C2H50H 

CO CII . CO2R 


A methyl group was then introduced by the action of sodium and 
methyl iodide. The product was reduced to dihydroxycamphoric acid, 
and then boiled with hydriodic acid and red phosx)horus and con- 
verted into th«^ unsaturatea acid, dehydrocamphoric acid. The latter 
combines with hydrobromic acid, and forms a jS-bromocamphorio* 
acid, and is then reduced with zinc Just and acetic acid to r-camphoric 
acid, which is identical with the racemic product obtained from 
camphor by oxidation. 


^ Ber., 1801, 34 , 2472 ; 1908,. 36, 4332. 
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CH, 

I 

OH . CII — C . CO^H 

I 

; CHa.C.CfTa 

I ’ I 

HO.OH-^CH.COoH 

Dih}'di'oxyc‘umpkoric acid. 

* CH* 

CH., C.CO.,H 

■ I ' 

CH. . C . CHa 

, • !• 

CHBr-CH- GOaH 

j9-Bromocainphoric acid. 


CH 


3 


CH.3 C.CO.,II CII 

I or 

CH.J.C.CH3 

CH=C.CO.H 


CII, 

I 

-C.COoII 

I 

OH3.C.CH, 

I 


3XX CH CH.CO.H 

Dohydrociimphoric acid. 

CH, 

. I 

CH* — C.COall 

“ I 

CHa.C.CHa 
OHa OH.dOall 

r-Camphoric acid. 


By a similar process Komppa has prepared the homologiio of cam- 
phoric acid by introducing an ethyl in place of a methyl radical.' 

Perkin and Thorpe - have afipo succeeded in synthesising camphoric 
acid from dimethyl cyclopeiihinone carboxylic acid (pi*o|>ared from 
dirnethylbutane tricarboxylic acid). This acid in the form of its 
eater reacts with magnesi^im methyl iodido and gives the alcohol, 
which is llion convortod into the bromide with hydrobromic acid. 
The latter reacts w^lth hydrogen cyanide and potassium cyanide, 
and gives a cyanide which on hydrolysis is transformed into 
d^ca];r^phoric acid. 


OIL, . CO 


CH, 


^CH, 


1 

1 \OH 

OiCH*)* -> 

1 

C(CH,)., -> 


CH.— CH . COOH CII., -CH . COOH 


CH, 


C(CH,)3 


C 1 1 ., -C 11 . COOH 


CH:, 


CH.,— C . CN 

1 

0(011.)., ■ 

CH.,— CH.COOH 


CH, 

' 

CII./-C -COOH 

I 

C,CH..)., 

• I 

CH,-CH -COOH 


The inactive acij h;is since been resolved into its active components 
by crystallisation of its cinchonidine siilt.^ 


» Ber., 1911, 4=4, 858. * Tranks C/iem. 80 c., 1906, 80, 796. 

* BeckmSfii^ Ber.f 1909, *4'^, l85. 
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The synthes,is of camphor is thorofore complete, since camphoric 
acid can be converted into camphor by the method described on p. 238. 

An isomeric )8- or epi-camphor, in which the positions of the CO and 
CHj groups ore reversed, has been synthesised by Perkin and Lank- 
shear ‘ and by Bredt and Hilbiug.* Both sets of observers start from 
boruylene carboxylic acid, which is obtained from camphocarboxylio 
acid, 


CJT 


u\ 


CO 

I 

CH. COOH 


/OH. OH 

OsHh< I 

\CH . COOH 


/CH 

sn,4< II 
\c.c 


COOH 


Oampliocarboxylic acid, 


Bornyleiic carboxyl ic 
acid, ‘ 


i- , 

Ijiit whilst the former reduce, broininate and convert it into the 
liydroxy acid, and then oxidise, 


/CH, 

c»n,,/ I 

\CH.COOII 


C,I1 


/CH, 

U\ I 

^CBr.COOH 


yCH^ . /CII2 

<1 

\C(OH).COOH ^CO 


the latter convert it into the acid chloiyde, the azide, the amino 
camphor, and finally )3-camphor. 


yCll PClfl 

CsHh<^I1 


C«H../ 


^C.COOH 


.C1I‘ /CH 

„ -> C,H„< li 

X).C001 ^O.OON., 


OgH / 


•CH, acid 

UV I 
^C-^NH 


/CH, 


0,H„< I 


<l“’ 

\CO 


Having now reviewed the principal evidence in favour of Bredt’s 
formula for camphor, we will proceed to criticize it in the light of 
some of its less salient but not less important features. 

Both camphor and camphoric acid are optically active. Camphor 
is found in two <;nantiomorphous forms, Japiin camphor being dextro- 
rotatory, and Matricaria camphor laevo-rotatory ; camphoric acid 
has been obtained in four active modifications, a d- and Z-camphoric 
acid and a (Z-* and 2-isocamphoric acid,*'’ and two racemic compounds 
do)*ived from them. The d- and ^-camphoric acids are obtained from 
the two active camphors by oxit!ation, and each cgin be converted 
into the corresponding isocamphoric compound. The formula for 
camphoric acid harmonizes with the existence ot\ two pairs of active 


1 Proc. Chem. Soc , 1911, 27, 166. 2 Ckem. Centmlbt.^ 1911, II, 954. 

® Abclian, Ber., 1894, 27, 2001 ; 1901, 310, 196. 
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enantiomorph&y for it contains two asymmetric carbon atoms. The 
four active compouxids may be fepresented as follows : 


/COOH 

c C<: c* Cc 


% 

kL, 


lOOH 


\« 


^ 


COOH 


ya 




d C<^ 


COOH 

COOH 


CC' 


COOH 




\caoii 


f?-Camphoric acid. Z-Oainphoric acid. d-Isocanfl^horic Z-Isocamphoric 

aoh^. acid^ 

The first pair have a cis^ tha second a tram configuration, and in 
accordance ^ith tl«3 theory the former yield anhydrides, whereas the 
latter do not. 

The reason for the existence of only two active camphors is not so 
obvious, for camphor contains tlie same two asymmetric cai-bon 
atoms as camphoric acid. There is, however, this diiTerenco, that 
the two carbon atoms, which^ in camphoric acid are represonjed hy 
carboxyls and are free to assume inde])ondent i>oaitioiis, are linktid 
togetlier in camphor. It follows that there are only two active 
camphors which correspond to d- and ^camphoric acid, and may be 
represented in the following manner : 


Oil. 




^<00 


on/A 


H 


Clh 


L..-cHj, 

'CHj, 



CH, 




1 

c-.- 


|CO 

CHss. 

\c< 

/ ' 

CH, 

i 

GH.y ' 

V 


'Clla 



CH, 


H 




d- and Z-Canipiior 


It will at once be obvious that the asymmetry of the cani]>hor 
molecule as represented above depends on the presejjce of ilio ki^tone 
group. That this is the case has been demonstrated Aschan,^ 
who succeeded in converting the ketone group by reduction into 
a methylene group in the manner indicated below, with tlie object 
of producing a completely symmetrical and consequently inactive 
compound. 


/CO 

Camplior. 


CH.OH 


Bol'neol. 


/Ill 
c.nu< I 

Bornyl iodide. 


/ii, 

CsIIi/ 

CH, 

Oampliajic. 


* .^mVxhn, 1901, 3 id, 229. 
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The reduction was carried out in such a way sis to preclude 
raceinisation, with the result that Ihe hydrocarbon camphane was 
quite inactive. • 

Some of the opposition which lircdt’s formula at one time 
encountered was due to the difficulty of reconciling it, with the 
prdduction of substances like m-xylene and its tetra- and hexahydro- 
derivatives. The formation of ihe various benzene Ijydrocarbons, 
thqugh it must remain more or less a matter of conjecture owing to 
the difficulty of following the changes in detail, is readily explained, 
since it is now a well-ef ..ablished fact that under certain conditions 
the methyl side-ch.nin of a cyclop.entane derivative may become 
fused into the ring of a cyclohexane compound. ^The cbiiveraion of 
camphoric acid into derivatives of wi-xyleiie may very well take place 
in accordance with the following scheme : 


COOH CH^ 


HG 




J £ 


iC-C^L, 
^COOH 


/ 


CH,\cH3 , 


CH.OHj 

2 

JOH.CH 3 


n,cr'^\ctt 


H,0 


0H3 

,f 200* 

Hcxahydru m-xylcne. 


\ 



Telrahydru m-xyleiio. 


But the real stumbling-block which has stood longest in the way 
of the Bredt formula has been the intractable nature of isolauronolic 
and ^-campholenic acids. In order to understand the position 
occupied by the.se acids it is necessary to consider them in conjunc- 
tion with their isomers from the point of view of their preparation, 
as well as of their propertws. An acid of the formula OsH,;} . COOII, 
called lauronolic .acid, >vas first observed by Fittig and Woi'inger.l 
It is obtained by the action of water or alkalis on bromocamphoric 
anhydride, or by the dry distillation of camphanic acid (see p. 236). 

CioHi 404= CaHia. COOH + CO^- 


^ Annalm^ 1885 , ^ 27 ; 1 . 
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These reactions appear to point to the following formula : 

CH3 

CHg — C. COOH 
CH,.C.CH3 

1 

CH=CH 


But this acid should give camphoroniaacid on oxidation (p. 235), 
which it does not, but on the contrary ^ forms a variety of other 
products, quite irreconcilably with the above structure.* A second 
lauronolit acid Wiis obtained by Bredt from a-chlorocamphoric ester, 
which on treatment with quinoline loses hydrogen chloride, and 
gives the ester of an unsaturated dibasic acid (dehydrocamphoric 
acid), from which carbon dioxide can be removed on heflting and 
lauronolic acid generated. 


CH3 

CH2 C.COOO2H5 

CHo.O.CHg* 

■ I 

CHa— CCll.COOCaHs 

a-Cliloroeamphoric ester. 


oils 

I 

ciL — c.coocjr. 
■ 1 

Clia.C.OHa 

CH= 0 . COOC2H5 

Dehydrocamphoric e^tor. 


As Bredt’s acid gives camphoronic acid on oxidation it must have 
the structure originally assigned to the previous compound I, whilst 
Fittig and Woringer s acid will probably be represented by IL* 


CII, 


CH2- C.COOH 

I 

OH.,.C.CHo 


CH= 


I 

=CH 

I 


CH, 

I 

CH — C.COOH 

II 

CH3.C.CH3 

h* 

CH- — CHg 

II 


The structure of Bredt’s acid is also in agrooincnt with its forma 
tion from a-camphoramic acid. • The latter is obtained by the action 
of ammonia* on camphoric anhydride, and its constitution is deter- 
mined by its production from isonitrosocamx>hor (see p. 239). 

Her., 1900, 33, 2949. 

lirek^, prald, Cheni., 83, 400. 
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CII3 

I 

CHa — C. COOH 
CII3.C.OH3 

I 

CHa — CII.CO.NH2 

From it Noyes obtained by the action of sodium hypobvomite the 
aminor acid, which nitrous acid converts p.artly into the hydroxy- 
derivative, partly, by elimination of a molecule of water, into 
lauronolic acid. ' ' 

CHa CH3 .. CHa • 

CHg C . COOH CII2 C . COOH CHg — C . COOII 

CH, : C . OH, CH3 . C . CH3 CH, . C . CH3 

: . ' I 

CH9. CH . NHa CH, CH . OH CII=GH 

The same acid has :dso l)eeii obtained by Walker ^ by the electro- 
lysis of the sodium salt of the alio ethyl ester of camphoric acid 
(see p. 238). According to the usual behaviour of dibasic acid esters 
under the iniluence of the current, carbon dioxide is split c/iY, and 
together with certain other products <*iu unsaturated acid is formed. 
Ethyl sodium succinate gives acrylic ester. 

CII,.COOR CH.COOR CH2.COOR 

+ I + CO2 

OH2 . COO— CH2 Cllg . COOH 

The formation of lauronolic acid takes place in accordance with 
a similar scheme : 

OH3 CH3 


CH 2 C.COOC 2 II, 

CH,.o.CH[r. 

CHa CH . COONa 


CHa — O.OOOa,H, 


CH3.C.CH3 

ch=6h 


+ H, + C02 
(Na) 


By the same ^"process Wafker converted the sodium salt of ^he 
ortho ethyl ester into a mixture of a-campholytic and isolauronolic 
(o/s-campholytic) acids, and Noyes obtained the same twO acids from 
^-camplioramic acid by repeating the same series of changes which 
produced lauronolic acid from the a-compound. As isolauronolic acid 


‘ Trans. Chem. Sot., 1893, 03, 495 67, 837. 
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is easily obtained from the a-compoimd by boiling with dilute 
sulphuric acid, they have been regarded as stereoisomeric ; but this 
is doubtful. Assuming it to be the case, the natural inference would 
be that both acids possess the formula, 

CH3 

CII=-C! 

CH;,.C.CH3 

0H2 — (!)h . coogt 

but here ^ difficulty arises, for the isolauronolic acid is undoubtedly 
an ay 3 -unsaturated acid. It is inactive, which would scarcely be the 
case if the above formula held, seeing that it contains one of the 
original asymmoti’ic carbon atoms of camj^horic acid undisturbed, 
and it cannot be resolved into active constituents ; it forms a di bromide 
from which alkalis remove not only hydrobromic acid, but also 
carbon dioxide, a change which Fittigs researches ha^^e shown 
to be characteristic of a^-unsaturated acids. Furthermore, diliydro 
isolauronolic acid, obtained from the original acid by reduction, gives 
on br<^mination a mouobromo derivative, from which alkalis remove 
hydrogen bromide and regenerate isolauronolic acid. As the bromine 
substitutes hydrogen in the^a-position to the carboxyl, the double link 
must necessarily occupy the a^-position. 

* Tlie synthesis of isolauronolic acid by Perkin and Thorpe ’ has 
fixed the structure beyond all doubt. 

CII 3 

nooc.c=--c 

I 

OIL. C.CH, 

I 

CHj — CH2 
Isolauronolic acid. 

But how is such a structure to be reconciled with its formation 
from /5f-camphoramio and ortho caiiijdioric ester? A very simple 
explanation has been suggested hy Lapworth " and adopted by Blaise 
and Blanc, ^ which is based upon a change similar to the pinacono- 
pinacoline'* conversion (Part 'll, p. 357). Supposing in the above 
structure one, of the 1 : 1 -methyl groups passed to the adjoining 

1 Trails., 1904, 85. 128. * ^ Reporis, 1900, 325. 

3 Bu^l.^Soc. Chim., 1900 (3^, 23, 107. 
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carbon with a corresponding i*eadjustment of the double bond, an 
acid of Ihe required formula would be produced. 


CH, 


CH-— C 


CHj 

I 


CH* 


*1 

C . CHg 


Otlo — CH.COOII 


GHji— C . CH3 


0 . CH3 

II 

CHn~0 . OOOH 


The difficulty involved in dealing with such mobile complfses as 
camphcu* and its degrad fii'jion products is further illustrated by tlie 
behaviour of isolaiironolic acid on oxidation. According to Eoeiiigs 
and Meyer ^ it yields isolauronic acid, C9H12O3, whi^ Per£in, jun.,^ 
characterized as a kotonic acid, and Blanc ^ identified as a cyclohexane 
derivative. Blanc’s view was arrived at from the observation that 
isolauronic acid on reduction forms a dihydro derivative, C9H14O3, 
which oil heating with sodium hypobromite loses carbon dioxide 
and gives aa-dimethyladipic acid. These^ changes are explained as 
follows : 

coon CH., COOH CH3 


CH3 

=c 


CO 


CO 


CHo.C.CHo 


CH2 

Isoluuronolic acid. 


-CH 


—HgO 


CH, 


■2 


CH, 


C 

I 

-CH, 


CH* 


Intermediato product. 

CH 


II, 


COOH . C CO 

I 

CHa.C.tHa 


CH, 


-CH, 


xjj vya.a2 

Isolauronic acid. 


CH, 

COOH . HC'^^O <t. 

I 

CH3 . C . CHg 

1 

CH, 


iCOOIH 


H,G- 

Dihydro>isolaui'ouic iicid. 


COOH . CH COOH 


CHg . C . CH3 

I- 

CH, 


H,C— 

aa<Dimetliyladipic .<icid. 


* Bcr., ISOi, 27, 8406. - 7Vrt*«j. Chttn, Sue., 1898, 73, 802. 

^ ConipU rendyy 1900, 130, 8^0. 
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It is only another case of the convertibility of cyclopentane and 
cyclohexane sti actiires (see y, 246). 

The theory of<*the formation of isolauronolic acid has served fo 
explain the stricture of )8-campholenic acid. There are two, a- and 
campholenic acids. They can be obtained in a variety of ways, as, 
for example, by the dehydration of camphoroxime, which yields the 
nitriles of the two acids in question. 

CioHio:NOH - 0„H„CN + HaO 

T 

Like a-canipholytic acid, a-cainpholei][^c acid can be converted by 
the aid of different reagents into the ^-i5»mpoiind, which is^ probably 
a secoi]^lary product of the a>)ove reaction. The structure of the 
(i-compound offers no difficulty. It is dextro-roh^tory, and confains. 
therefore, an asymmetric carbon ; it gives, on oxidation, successively 
a dihydroxy derivative, isoketo-camphoric acid, and finally iso- 
camphoronic acid, the structure of which has been ascertained by 
synthesis (Part I, p. 203).' All these changes are expressed simply 
and naturally as follows*: 


01X3 

CII3 


1 

CII =0 . COOH 

COOH CO C 

JOOII 

1 

> 1 


CII,.C.CH3 

CH3 . C . OH3 


1 

CH,— on CH3 

CII2 — CH ( 


a- Campholenic acid. 

Isokcto-camphoric 

acid. 

• COOH 

COOH COOH 


C113. 

I 

.C.CH3 


CH„ — 

CH CHg 



Isucamx^liorojiic acid. 


The /?-acid, on the other hand, is inactive, and yields an inactive 
dihydroxy derivative on oxidation, which s*pbseqiieiitly breaks up 
into oxalic acid and y-acetyldimethylbutyj-ic acid. The appearance 
of these two acids in conjunction with a structure which contains 
po asymmetric carbon is at fii’st a liJfcle peridexing ; but the observa- 
tion that isolauronolic acid gives the same y-acetyldimethylbutyric 
acid has 'Suggested the hom-^logy of the two acids and the probability 
of a similar shifting of a methyl group in the formation of the 
from the d-compouiid. 


* Perkin, jiin., Tiaiis. Ctiem. Soc., 1899, 75, 897. 
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CH, 


OH2 \JXJ. 

a-Oaiupholenic acid. 


CH3 

. OH3 COOH 


C . CHg' 


CH, — C- 


-CH* 

jS'Campholenic acid. 


cii. 


'r!H.3— C.CH3 

.f. 1 

CO . CH, 


CH2 COOH 

Acctyldimethylbutyric acid. 


That the above structure represents the true formula of the ^-acid 
has been proved by the synthesis of ^-campholenic lactone by Blanc. ^ 

Our account of camphor must draw to a close. The manifold 
changes of this mobile molecule — veritable Proteus among organic 
compounds — are far from being exhausted^ but the reference books 
must be consulted for further information. Our object in the fore- 
going account has merely been to give the reader some idea of the 
transformations which camphor and its .products undergo under 
different conditions, and to throw some light on the dilHculties which 
have attended the inquiry into its structural formula. The discovery 
of the constitution of camphor has now been accomplished, and the 
experience thus gained has vastly increased our knowledge of cyclic 
structures. 

The relation of pinehe to camphor has been turned to profitable 
account by the elaboration of an industrial process for the manu- 
facture of camphor from turpentine. There are various modifications 
of the method in the matter of detail, but it consists essentially in 
the successive formation of camphene hydrochloride, camphene 
(isobornyl ester), isoborneol, and camphor (see p. 220). 


The Olefiuic Terpenes and Camphors. The constituents of 
the essential oils which have been described in the previous section 
belong to saturated or unsaturated cyclic systems ; but in recent 
years a new group of open-chain compounds of the formula 
CioIIiQ, OioH^oO, and OioHigO has been discovered and described by 
Tiemann and Semmler, and named by them olefim<p tef^enes and 

Compt. micf., 1907, 145, 950 ; 1908, 146, 
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camphors.' The name does not merely indicate similarity in com- 
position with the terpenes* and camphors, but a* very close relation- 
ship in chemical structure. Moreover, they have been recogniz^^d 
as responsible in a great measure for the delicate aroma of those 
essential oils in which they occur. The perfume of orange-blossom, 
rose, and lavender is due to the presence of minute quantities of 
these substances. They exhibit among themselves a certain similarity 
in structure and, at the samo time, show an unmistakable connection 
with the terpeno and camphor group^ They contain ten carbon 
atoms, which are disposed in such a way that six form a straight 
chain, three of them form an unsaturated isopropyl group attached 
to* ‘one* end ^f the chain, and the tenth a methyl group at the 
fourth carbon atom from the end of the chairr. In other words, 
the grouping may be conceived to I’eseinble that of a monocyclic 
terpene or camphor in which the ring has Ijeeii ruptured.* 

The following is the probable structure of some of these 
compounds : 


Oeraniol 
and Nerol 


CII . CII. . CHo . C : CH . Clio . OJI 


Citral 
and Neral 


OH3 CH3 


CH.CH,.CII,. 0 :CH. 0 H 0 


Linalol 


Clla CH3 


CII . CH2 . Cllg . C(OII)\ CH : CII3 


C CH3 

/x 

OHj CH3 

Ehodinol CH . OH* . CH^ . CII . CH/. CII^OH 

II I 

C CII 3 

CH, CH, 

Eh*odinal CH.Cj‘H„.CH„.CH.CH„.CnO 


0 

/\ 

CH CII3 
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Citronollol OHg . CHg . Gli ^ . CH . CHg . CHg . Oil 

I -1 

C CTI3 

CH3 OII2 

Citronellal CHg . CHg . CH., . CH . CHg . CHO 

I “ I 

C CH3 

/A 

CU3 ch; 

This conception is not a purely theoretical one, for we shall see 
presently that cyclic terpenes can be prepared by simple methods 
from these compounds, and, by a reversal of the process, certain 
cyclic compounds may be converted into open-chain members of the 
group. 

Thus, citronellal when heated with acetic anhydride changes into 
isopulegol, and on oxidation into isopulegoae, 


CH . CHg 

cn . CHg 

CH . CH. 

HgG/^^.CHg 


HgG/'\cHg 


1 

-* 

Hgti 'CHO 

II„C. ,!cHOH 
^ \/ 

Hgd^bo 

CII2 

cu 

1 

1 

1 

0 • 

1 

c 

1 

' c 

/\ 



CH3 GII2 

CHg CHj 

CHg CHg 

Gitrouellsil. 

iHopulegol. 

Isopulegoiie. 


and the latter, by the action of baryta, undergoes isomeric change 
to pulegoue, 

CH . CHg 
Hsq^CH* 

CO 

C:C(CHj)g 

Puiegone. 

/,■ 

whereas the isomeric rhodinal under the same conditions isonierises 
to menthone. 
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CH . CHa 

CH.CH, 

H^O^NoHa • 

HaC^CHa 

H*<\* ICHO 

nA Jco 

CH 

CH 

II 

1 

C 

CH 

/\ 

/\ 

CHj CHa 

CHa CHa 

Bhodinal. 

.^Menthone. 


Linaloi* in pi^sciice of formic ticid at 80° is converted into a 
mixture of dipontene and .terpinen©.^ This change is doubtless 
brought about in the first instance by the isomeric change of linalol 
to geraniol, which acids are known to effect. By the removal and 
subsequent addition of the elements of water, ring formation occurs 
with the production of teijpin, followed by that of dipentene and 
terpiiiene* 


H, 

H,. 


C.pHa 

iOH 


,d^ CHaO; 
CH 

II 

o 

ClC^CHs 

Goraiiiol. 


C(on) . cHs 

n„c/\3H, 


n.cUc 


)CH* 
CH 

I 

C(OH) 

/\ 

OH3 CHs 

Terpin. 


An example of formation of an open-chain structure from a cyclic 
ketone is presented by menthone, which by the -following series of 
operations yields a product isomeric and possibly identical with 
citronellal and having the perfume of roses. The ketone is converted 
into the oxime, which by dehydration gives mehthonitrile. The 
latter is reduced in the ordinary way to menthonylamine^ which is 
then decoidposed by nitrous' acid. The alcohol, thus formed, is 
oxidised to the aldehyde. 


^ Chem.j l$p2 (2^, 45, 601. 
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CH : OH, 
II.,c/ ^CH., 


H,CI 


: NOIl 

CII . CII(CH;,)2 

Meiitlioueoxlme. 


H,C^^ 

( 

McnllioiiylalcohuL 


CH . CH3 
ILc/^OHj 

CH.CHj, 

n.cv^cHg 

H^cl ICN 

cri:C(cii3), 

IVIenthoiiitrile. 

II^js ICH3 . NH3 
'bn : C{CH3), 

Meiitlionylaiuiiie. 

. CII3 CH . CII3 

III., H.,c/\cH2 

IH3.OH 

bHO 

: C(CII:.)2 

CH:C(CIl 3)3 


Mcntlionylaldehydo. 


The importance of the olefinic terpenes and camphors from an 
industrial point of view cannot bo estimated too highly ; for the 
aroma of many perfumes is undoubtedly due to their presence. 
Their scientific study, which is intimately linked with the industry 
of the essential oils, has prepared the way for new develojjments 
in synthetic chemistry. 

The following is a brief descrii>tion of the more iini)ortant mombers 
of this group of compounds. 

Gcrmiiol. In 1890 Seinmler showed that the alcohol isolated by 
Jacobsen ' in 1871 from Indian geranium oil (by means of the solid 
compound which it forms with calcium chloride), and having the 
formula CioH^sO, was not a cyclic compound ; but by reason of the 
additive compound which it forms with bromine, and its constant of 
refraction, must contain two double bonds, and was in all probability 
an unsaturated oi>en-chain compound. Geraniol is widely diffused, 
being found in German and Turkish rose oil, in citronella and lemon- 
grass oils, and in smaller quantities in ylang-ylang, lavender, and 
other essential oils. On careful oxidaticjii with chromic acid mixture 
it is converted into an ahlehyde, citral, a substance which is also 
found in nature in different kinds of lemon oil.* As geraniol can be 
obtained from citral by reduction, and as citral has been prep”,red 
artificially (see below), geraniol must also be ranked among synthetic 
products. It is further obtained from iinalol, which undeigoes isomeric 
change on heating with acetic anhydride, and, conversely, geraniol can 

^ Antuden, 1871, 157, 232.’ 

* Scmmlor, Ber.j 1891, 24, 201. 
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transformed into linalol hj heating with wateic to 200°, whilst 
oei'tain dehydrating agents, like potassium hydrogen sulphate, con- 
vert geruniol into the olefinic terpene geraniene^ ; formic acid 

produces dipentene and terpinene, and a mixture of acetic and 
sulphuric acid forms terpineol (in. p. 35°). The structure of geraniol 
depends upon that of citral. 

CAtral (gcvanial) is a common constituent of essential oils, and it is 
to this substance that lemon oil owes its delicate aroma. It is^very 
abundant in lemon-grass oil (70-80 per c^i\t.), and is an important 
constituent of orange, mandai'in, limett<^, and certain kirjids of 
eucalyptus oil. It is a di-olefinic aldehyde, for it gives the usual 
reactions ibr alddhydos, including its conversion into geranic add on 
oxidation, and it also unites \yith two molecules of bromine. It is 
very sensitive to acid reagents, and by the action of dilute sulphuric 
acid and potassium bisulphate it loses water and passes into cymene. 


C . CII3 

C . CI-Ij 

iC/>CH ' 


icl loiio 

HO'\ >CH 

Clf 

0 

II 

1 

« 0 

CH 

/\ 

/\ 

CHa CH3 

CII3 CH3 

Citral. 

Cj'meiie. 


Its structure is derived from its behaviour with chromic acid 
mixture, which breaks it up into methylheptenone in the first 
instance, and finally into acetone and levulinic acid. 


Clls 

CH3 


>: 


OH . CHo . Clio . C : OH . OHO 


CH3 


Citral. 


CH3. 

>C : CH . OIIj . CH., . CO . CH, 

CH3/ 

Methylheptenone. 

CII3V 

* >00 . + HOOO . CH 2 . CHo . 00 . OH. 

OH3/ ‘ 

Acetone. , .« ^ l^vulkiic acid. 


FT. Ill 


8 
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and also from its conveision into methylheptenone and acetaldehyde 
by the action of potassium carbonate. 

(CH3)2C : CH . CHg . OH3 . CCCHg) : OH . OHO 

= C(CH3)2 : OH . CH2 . CH2 . CO . CH3 + CHs . OHO 


The syntheses of citral and geranic acid which confirm the above 
formula have been effected by Barbier and Bouveault ^ from methyl- 
heptenone in the followir g way : the latter reacts with zinc and 
iodacetlc acid (Part I, p. 2/18), giving the compound — 

yCIIg . COOH 

C(CH 3)2 : on . CH 2 . CHg . C^OZnl 

\CH3 

which is converted on the addition of dilute acid into the hydroxy 
acid — • 


C(CH3)2 : CH . CH2 . CH2 . C(CH 3 ) 0 H . CH2 . COOH 


losing water and yielding geranic acid on distillation with acetic 
anhydride. By distilling the calcium salt of geranic acid witli 
calcium formate Tiemann^ obtained citral. 

Linalol is widely distributed, and occurs in optically active forihs. 
It is dextrogyrate in coriander oil, but in no other oil, whereas the 
laevo compound is found partly free and partly as linalyl acetate in 
the oils of linaloe^s, bergamot, neroli, petitgrain, limette, spike, 
lavender, sage, thyme, spearmint, origanum, ylang-ylang, &c. It 
readily undergoes change with acids ; organic acids convert it into 
the isomeric geraniol, whilst small quantities of sulphuric acid pro- 
duce terpineol, and by shaking with 5 per cent, sulphuric acid terpin 
hydrate is formed. Its conversion into dipentene and terpinene has 
already been described (p. 255). 

It has been synthesized by condensing methylheptenone and 
acetylene in presence of r odamido and subsequent reduction of 
the product.® 

(CHajaC : CH . CHg . Cllg . C(CH3)Oi: . C i CH 

(CH3)oC : CH . CHa . CHg . C(CH3)OH . CH : CHg 
lUiodindl is found in geranium and rose oil, in the laevo form, 
whilst the inactive compound was obtained by the reduction of the 
ester of geranic acid. • 

* Cmnjpt, rend., ISOC, 122, 893. * Ber., 1898, 31, 827. 

^ Buzicka and Fornasir, Ahstr,, 1919, i, 193. 
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JRhodinal was obtained by Barbier and Bouveault ’ by oxidation of 
rhodinol, and diifers from cftronellal, with which it is isomeric, bj 
passing into menthone, which gives a characteristic semicarbazone. 
When further oxidised, rhodinal forms rhodinic acid. 

Citr<\yhcUol contains two atoms of hydrogen more than geraniol and 
linalol. It is found in geranium oils in both active forihs, the 
laevogyr^jbe predominating. Mixod with geraniol it is present in 
various rose oils. It can also be prepared artificially from the 
aldehyde citroncllal by reduction. • 

Citronellal^ the chief constituent of ci^rpnella oil (from Andtvpogon 
nctrdus) 2 txid oil of Eucalyptus gnaculata, is frequently found accompany- 
ing’ citrfll in ]%mon and rose oil, from which, however, it is easily 
distinguished by its optical activity. Its structure is determined by 
oxidation, which breaks it up into acetone and /?-methyladipic acid. 
It is an interesting fact that acetic anhydride converts citronellal 
into the isomeric isopulegol, which can be transformed successively 
into isopulegone and the natural pulegone (p. 231). 

Nerol, which is found in neroli and petitgrain oil, and its oxidation 
product, neral, are probably stereoisomeric with geraniol and citral.^ * 

ITa^nral and Arti^cial Perfumes. The history of perfumes and 
essences carries us back to very remote times, but the scientific study 
of the chemical natm'e of tlie substances which afford the aroma is of 
comparatively recent date, and may be said to have begun with the 
researches of Wallach and Tiemann a quarter of a century ago. The 
results of some of those^ Investigations have been presented in the 
foregoing pages, in which the properties of the terpenes and camphors 
and their olofinic analogues are described, bdt the list of aroma- 
bearing constituents of plants is by no means complete. Some of the 
simpler aromatic compounds, like oil of bitter almonds (benzaldehyde), 
oil of wintergreen (methyl salicylate), methyl anthraiiilate, thymol, 
carvacrol, eugenol, vanillin, coumarin, safrole, anethole, and many 
other natural perfumes have not been included,* and little, if any- 
thing, has been said on the subject of their artificial preparation. 
The knowledge that a peculiar perfume had its origin in a definite 
chemical individual which could bo isolated in a pfire and therefore 
concentrated form, the development of analytical processes which 
effected the«separation of these* constituents, and finally the attempts 
which in many cases were carried to a successful issue, of producing 

^ CompL rend.f 1896, 122, 737. 

* Zoj,t:ic^el, Ber., 1906, 39? 1780. 
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the aroma-bearing^ substance artificially, have given an extraordinary 
\ impetus to the development of the perfume industry, especially by 
chemical manufacturers in Germany. The history of this develop- 
ment is only another instance of the successful application of pure 
science to technolog^^ of which the artificial colour indust];y is so 
striking an example. 

We do not propose to do more than to give a brief {Recount of 
some of the more important natural and artificial perfumes not 
included among the substances already described. Shortly after 
Mansfield’s discoveiy of the^production of nitrobenzene from benzene 
in 1847. Collas introduced it as * essence of mirbane * into commerce. 
A few years later the esters of the fatty acids appeared as apple, 
pine-apple, pear essences, &c. In 1844 Cahours found that methyl 
salicylate was the chief constituent of wintergreen oil. and this 
diseoveiy*soon led to its artificial preparation from synthetic salicylic 
acid. 

In ISGS Cahours found a process for preparing benzaldehyde from 
benzal chloyide, and this discovery was the forerunner of other arti- 
ficial aldehydes with characteristic scents ; in 1875 Perkin obtained 
coumarin synthetically (Part I, p. 248); in 1888 artificial musk 
(trinitro-f/f-butyltoluene) was discovered by Bahr, and other stcrongly 
scented di- and tri-nitro compounds have since appeared. 

The first synthesis of vanillin, the sweet-smelling constituent' of 
the vanilla pod, of which it constitutes about 1 per cent., was accor^i- 
plished by Tirmann and Haarmann in 1875. It was obtained by 
oxidising coniferyl alcohol, a constituent of the glucoside, coniferin 
(p. 41). In the following year conifeiyl alcohol was replaced by 
eugenol, which is pre^sent to the extent of 70-90 per cent, in oil of 
cloves. Eugenol is first converted by boiling amyl alcoholic potash 
into isoeugenol,^ which is then oxidised to vanillin. 




H( 


• CII : CHg CHaOl^^'CH : CH . CH, 


Eugonol. 
<■ 


Isoeugenol. 

Wo/ 

CHaOl^^feHO 

Vanillin. 


Since then a dozen different methods have been devised for pre- 
paring this substance, and stre described inv books of reference. 

1 Ciamician and Silber, JBer., 1890, 1160, 
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Of the many artificial aldehydes which are used as perfumes the 
following may be mentioned : cuminaMehyde gives the odour to 
cumin oil ; salicylyldehyde is present in spiraea oil, and is obtaine(f 
artificially by •the action of chloroform and potash on phenol b} 
Beimer’s reaction, and by other methods. 

/Oil 

Cell-OII + CHCI 3 + 3KOH = + 3KC1 + 2 II .,0 

•' ^CHO 


Anisaldchyde is prepared by the oxidation of anethole, the chief 
constituent of anise oil, and has the odour of hawthorn. 


on 




Anethole. 


ICH : CH . CH 3 


CHc,0/ 


N^^CIIO 
Anisaldehyde. ^ 


Cinnamic aldehyde or cinnamol is the chief constituent of cinnamon 
and cassia oil (75-90 per cent.) ; pipermal or heliotropin is obtained 
from safrole, which is firs? converted into isosafrole and then oxidised, 
and possesses the scent of heliotrope. 


I 


Safrole. 


CH., . on : CHj 




•Of' 


/ 

I&osafrolo. 


'CHrCH.CII.; 



Piperoiial. 


ApioU is an ether related to safrole, and is the aromatic constituent 
of parsley seed oil. 

OCH 3 


b'CH, 

Apiole. 


CH . CIL 


The aliphatic ketones whi^h are found in nature, and have been 
prepared artificially, include methyJhcptenone, 

(CH3)20 : CH . CHg . CH^ . CO . CII 3 
which smells like amyl acetate and methyl nonyl ketone, 
OHa.CO.CaHiQ, whicl^ knparts the scent to oil of rue. 
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The natural cyclic ketones play a very important rdle as per- 
fumes, and many df them have already ('been described. The most 
interesting is irme, the natural perfume of the violet, which h^ been 
so closely imitated in the form of ionone by Tiemann, both in 
structure and scent, as to mnk among the crowning achievements in 
organic synthesis (Part I, p. 240). 

Chavicol and estragol are related to anethole, and accompany it in 
aniseed and other oils. 

Among recent discoverieg in the chemistry of perfumes is that of 
methyl anthranilate and indble, both of which impart their aroma to 
jasmine,* whilst methyl anthranilate is also present in neroli, lemon 
imd several other essential oils. ' i. " 

The following table contains some typical examples of essential 
oils and their chief constituents. The less important constituents 
are bracke<;ed. 


Name. 

Source. 

Anise oil. 

Pimpinella anisum. 

Bay oil 

Pimenta acris. 

Bergamot oil. 

Citrus bergamea. 

Cassia oil. 

Ginnamomum cassia. 

Caraway oil. 
Camidior oil. 

Carum carvi. 

Cinnamonium camphora. 

Chamomile oil 
(Roman). 

Anthei^is nobilis. 

Cinnamon oil 
(Ceylon). 

Clove oil. 

Ginnamomum Ze^danicum. 

Eugenia caryophyllata. 

Coriander oil. 
Cumin oil. 

Coriuiidum sativum. 
Cuminum cymium. 

Eucalyptus oil. 

Eucalyptus globulus. 

Fennel oil. 

Foeniculum vulgare. 

Geranium oil 
(East Indian). 
Geranium rose 
oil. 

Jasmine oil. 

Andropogon schuenanthiid) 

Pelargonium odorat. 

Jasminum grandiflorum. 


Constituents. 

Aniithole, estragol (anise alde- 
hyde and ' anise ketone '). 

Eugenol, myrcene GioH,g, cha- 
vicol, methyl eugenol, estragol, 
phell^ndrene. 

Linalyl acetate, linalol, d-limo- 
nene, bergaptene 

Cjnnamic aldehyde, cinnamyl 
acetate (cumaric aldehyde, 
methyl ether). 

Carvone (d-liinonono). ' 

d-Pinoue, phellandrene, dipen- 
tone, cadinene C15H24, ougenol, 
safrole, terpineol,acctaldehyde, 
cineol. 

Isobutyl, isoamyl, and hexyl 
esters of isobutyric, angelic, 
and tiglic acids. 

Cinnamic aldehyde (eugenol). 

Eugenol (caryophyllene Gi,.{H24, 
eugenol acetate, furfurol, 
methyl alcohol, salicylic acid). 

Linalol (d-pinene). 

Cumic aldehyde (cuminol), cy- 
mene. 

Cineol, d-pinene (butyric, valeric, 
and caproic aldehydes). 

Anethole, fenchone, dipentena, 
d-pinene. 

Geraniol, citronello]. 

Geraniol, citronellol. 

Boa'll acetate, linalol, benzyl 
alcohol, linalyl acetate, methyl 
anthranilate, indole. 
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Name, 


Source, 


Constituents 


Lavender oil. 
Lemon oil. 

Lemon-g^ass oil. 
Neroli oil. 

Orange oil. 
Peppermint oil. 


Pine-needle oil. 
Rose oil. 

Rosemary oil. 

Sage oil. 
Sassafras oil. 

Spearmint oil. 

Star an'se oil. 


Tausy oil. 
Thyme oil. 

Wormwood oil. 


Ylang-ylang oil. 


Lavandula vera.« 

Citrus limonum. 

Andropogon citratus. 
Citrus bigardia (blossoms). 

Citrus aurantium (rind). 
Mentha piperita. 


Pinus sylvestris. 

Rosa damascena. 

Rosamarinus officinalis. 

Salvia oificirAlis. 
Sassafras officinalis. 

Mentha viridis. 

llliciuUi anisatum. 


Tanacetum vdlgare. 
Thymus vulgaris. 

Artemisia absinthum. 


Cananga odorata (flowers). 


l-Linalyl acetate, linalol (pi- 
nene, cineol). ^ 

Limonene, phellandrene, citral 
citronellal, geranyl acetate, 
linalol. 

Citral (citronellal, methylhep- 
tenone, geraniol). 

Z-Linalol, linalyl acetate* gera- 
niol, methyl anthranilate, li- 
moneno. 

d-Limonene (citral, citronellal, 
joaethyl anthranilate). • 
l!^nthol and menthyl esters of 
• acetic, valeric, and other acids, 
^enthone (pinene, ^hellan- 
drene, Mimonene, cineol, cadi- 
nene C]nH 24 , acetic and iso- 
valeric aluehyde, methyl sul- 
phide and ammyl alcohol). 
d-Finene, d-sylvestrene. 

Geraniol, l-citronelM (geranyl 
acetate). 

Pinene, camphene, cineol, cam- 
phor, borneol. 

Pinene, cineol, thujone, borneol. 
Safrole (pinene, jdiellandrene, 
camphor, eugenol). 

1- Linalol, 1-carvone (cineol, 2-1 i- 

monene). 

Anethole (d-pinene, 2-phellan- 
drene, estragol, quinol, ethyl 
ether, safrole). 

Thujone (camphor, borneol). 
Thymol or carvacrol (cymene, 
2-pi none, borneol, linalol). 
Thujone, thujyl alcohol, free and 
combined with acetic, isova- 
leric, and palmitib acids, phel- 
landrene and cadinene. 

2- Linalol, geraniol, benzoic ester, 
p-crei^l, methyl ether, cadi- 
nene. 
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CHAPTEK VI 


THE ALKALOIDS 

Among vegetable prodiicts numerous oily and crystalline basic 
substaiL-ces termed alkaloids have been found, which, in consequence 
of very marked physiological properties, have been fbjects^of special 
interest to the cliemist and physiologist. The first of these substances 
to be isolated was a crystalline compound obtained from opium by 
Derosne ,in 1803, and called by him opium salty but he failed to 
recognize its basic character. In 1806 Serttirner, a German apothe- 
cary of Eimbeck, independently discovered the same crystalline 
substance, which he called morphium and pointed out its alkaline 
nature. At the same time he separated an acid which he called 
meconic acidy and expressed the view that the two substances existed 
in opium in combination. This investigation ^remained unnoticed at 
the time ; but a second paper published by him in 1817, ‘ Ueber das 
Morphium, eine neue salzfahige Grundlage und die* MekonsUure als 
Hauptbestandtheile des Opiums,’ attracted the attention of chemists, 
who thereupon began to search among vegetable products for similar 
substances. Success attended their efforts. ^In the same year Robiquet 
found narcotine in opium ; in 1818 Pelletier and Caventou obtained 
strychnine from nu^ vomica ; in the following j>^ear they separated 
brucine, and in 1820 they prepared quinine and cinchonine from 
cinchona bark. Since then scarcely a year has passed without the 
discovery of one or more alkaloids. At the present time the number 
exceeds two hundred, and the field is not exhausted. 

These vegetable bases, all of which contain nitrogen, were regarded 
as conjugated ammonias by Berzelius (Part I, p. 33), and as substituted 
ammenias by Liebig and Hofmann, the latter recognizing the majority 
of them as tertiavy bases. Ni.merous attempts to carry the investi- 
gation of these compounds further, and to explain their structure, 
proved unsuccessful, until it was dis7,overed that certain basic oils, 
found by Anderson in bone-oil and by Runge and Greville Williams 
in coal-tar, were identical with the compounds obtained by Gerhard t 
by distilling some of the alkaloids with caustic potash. The 
seauence of events was as follows: In 18^4 Runge separated the 
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substance which he termed leucol from coal-tar ; lu 1846 Anderson 
isolated pyridine and its homologues from bone-oil. Meanwhile 
Gerhardt (1842) had been subjecting strychnine, cinchonine, and* 
quinine to distillation with solid caustic potash, and obtained an oil 
which he called quinoleine, afterwards altered to quinoline. Hofmann 
soon recognized in Runge’s leucol and Gerhardt’s quinoline identical 
substances. Subsequently other alkaloids — nicotine, conine, piperine, 
&c. — were converted into pyridine or one of its derivatives by heating 
with zinc dust. Isoquinoline, which was discovered in coa?-tar in 
1885 by Hoogewerff and van Dorp, has bben shown to be related in 
a similar way to hydrastine, papaverine, ''irarcotine, and berberine. 

These .discoveries, whilst they gave a fresh stimulus to the investi- 
gation of the alkaloids, opened up a new field for ressarch in the study 
of pyridine and quinoline derivatives. The result has been that the 
l)rocess of graduated disintegration applied to the alkaloids on the 
one hand, and the construction of new products from pj^ridine and 
quinoline on the other, established points of contact between them 
which gradually disclosed *the structure of many of the aikido ids, and 
ultimately led to the synthesis of a few of them. 

The history of these successive stages is the main object of the 
present chapter. In ^he light of this new knowledge, liow is the 
term alkaloid to be defined? Koenigs suggested that the name, 
which was originally applied to all vegetable bases, including caifeine, 
theobromine, betaine, choline, &c., should 1)6 restricted to those vege- 
table products which are derivatives of pyridine only. This would 
exclude caffeine and theobromine, which do not differ very widely 
from the alkaloidal bases. In the present state of the subject an exact 
definition is not easy to frame, and possibly, as our knowledge groAvs, 
the line of demarcation between the alkaloids at present known and 
other vegetable products may become gradually obliterated. For the 
present, how'ever, an alkaloid may be defined as a vegetable base 
which contains a cyclic nitrogenous nucleus. 

Before passing to the more complex alkaloids, a brief review of 
tlie parent substances seems desirable, and we propose, thejefore, to 
describe briefly the properties and structure of pyridine, quiirpline, 
and isoquinoline, and their more iinporiant derivati>jps, before passing 
to*the chemistry of the alkaloids. It would be beyond the scope of 
these essays to attempt more^*than a genersil description of these 
substances, the number being alivady vast enough to have filled 
a volume of rqppectable dinieiisions.' 


‘ See References at the end of the chapter. 
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Pyridine. It has already been stated that pyridine and its homo- 
logues were first* obtained by Anderson from bope-oil. This oil, 
which is formed by the destructive distillation of bones, contains 
a large number of compounds derived from the decomposition of the 
albuminoid material of the bone. The bases are extracted from the 
distillate with acid, liberated by the addition of alkali and finally 
fractionated. The chief source of pyridine at present is coal-tar- 
naphtha, from which it is separated by sulphuric acid ' employed 
in purifying the naphtha. It is also formed by the action of alkalis or 
zinc dust at a high temperature on several of the alkaloids — nicotine, 
morphine, cinchonine, &c. -i.-by the oxidation of piperidine (hexahydro- 
pyridine, see p. 291) with strong sulphuric acid at 300® or nitrobenzene 
at 250®, and by distilling the lime salts of pyridine carboxylic acids 
with lime. It has, moreover, been obtained synthetically by the 
followingt methods, all of which, it may be added, give unsatisfactory 
yields. . This is not the case with the reactions to be described later 
for the preparation of certain pyridine derivatives. 

In 1877 Ramsay,^ following the lines of Berthelot’s synthesis of 
benzene from acetylene, passed a mixture of acetylene and hydro- 
cyanic acid through a red-hot tube and obtained small quantities of 
pyridine. , 

2a,H2+HCN-C5H,N 

Koenigs* in 1879 was successful in obtaining solne pyridine by 
distilling ethylallylamine over hot litharge. 

Using the generally accepted formula for pyridine (it is discussed 
later, p. 268), the following represents the lyBaction : 


CH« 


CH, 

CH, 

Efchylallylam^ac. 




CH 

CH, 


+ 3PbO 


CH 

Hc/\cH 


+ 3H,0+8Pb 


HCx^CH 

N 

Pyridine. 


In 1881 Ciamician and Dennstedt ° acted upon pyrrole with sodium 
ethylate and chloroform or bromoform and obtained a )8-chloro- and 
;8-bromo-pyridine. In 1886 Dennstedt and Zimmermann using 
methylene iodide obtained pyridine. ^ The action is a furious one, 
and can only be formulated by supposing the pyrrole ring to open 
ai»i absorb an additional cai^bon group. 
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CH 

HCh — rCH HC/\,CH 

+ OH*I. + 2NaOCHa - , +2NaI + 2CH80H 

Hc. )'cH hcL cn 

NH N 

Pyridine is a colourless liquid, possessing a peculiar smell. It boils 
at 114-8" and has nearly the same specific gravity as water. It is 
easily soluble in water as well as in most of the common solvents, 
and forms crystalline salts ^nd double saM like other organic bases. 
It is peculiarly stable towards 'oxidising 'agents, chromic and^ strong 
or Weak nitric acid having little or no action. The halogens also 
react wi£h difticulty, so that the halogen derivatives, as well as 
amino compounds, are usually prepared by indirect methods, which 
will be described later. Strong or fuming sulphuric acid has little 
action at ordinary temperatures, but a sulphonic acid can be obtained 
by heating pyridine with the fuming acid at 300°. By the action 
of sodium on an alcoholic* solution of pyridine, hexahydi;opyridine 
(piperidine) is obtained, whereas hydriodic acid at a high temperature 
decomposes it into normal pentane and ammonia. 

0,P5N+10H=C5Hi2 + NH3 

Sodium alone removes an atom of hydrogen from pyridine, and 
dij^ridyl is formed by the linking of two molecules, 

NHA-C5H4N 

Pyridine is a tertiary base, and therefore forms quaternary compounds 
with the alkyl halides. . These bodies undergo molecular ^change on 
heating to 300°, resembling the decomposition of the hydrochlorides 
of the monoalkyl anilines. Just as o- and j»i7-toluidine are pro- 
duced by heating methylaniline hydrochloride under pressure 
(Part II, p. 369), so a- and y-methyl pyridine are obtained from 
pyridinium metliyl iodide. 

CH CH C . CH 3 


lie 



- ' — a 


- 


and 

HC 

vJioH 

HCl 'ic.CHs 



N 

N * 

» N 


/\ 


/\ 

Ci^I 

I 

H I 

Pyridinium metliyl 

a-Mothyl pyridine. 

7-Methyl pyridina 

iodide. 

• 




This reaction has furnished a number ef important homologues 
of pyridine. 
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The great stability of pyridine, its analogy in ohemical behaviour 
with benzene, the formation of a hexahydride, and the existence of 
three mono-substitution derivatives point to the structure of pyridine 
as a ring of six atoms, of which five are carbon and one is nitrogen. 
Each of the carbon atoms being united to one atom of hydrogen, 


CII 


N ■ 


tliere remain six single valencies which have been ficcounti'ed for by- 
the use of dilferent formulae. Korner in 18()9 first suggested the 
application of Kekule’s formula to pyridine ; this was followed by^ 
the formula of Riedel in 1883 and of Bambei*ger in 1891. 


CII 

CII 

CII 

HC iCH 

lie/ 

Nch 

IICC^CH 

lIOl^^CII 

liJi 

JoH 


N 

N 

N 

Korner. 

Riedel. 

Batiibersrer. 


There are arguments which may be adduced- in favour of all three 
formulae ; but the experimental data are at present too incomplete 
to afford a final decision. As the constitution of pyridine is closely 
interwoven with that of quinoline, we have deferred its discussion to 
the end of the present section (p. 281). In the meantime we shall 
adopt the Korner formula. 

The substitution products of pyridine are tJeiioted by the Greek 
letters a, y or by numbers. 


•> 


P'/\3 



All three methyl and ethyl pyridines, hydroxy-, chloro-, and amino- 
pyiidines and pyridine carboxylic acius are known. 

The alkyl pyridines resemble pyridine in most of their chemical 
properties, and, like the homologues of benzene, thei side-chains are 
oxidisable, and acids result. The origin of some of these compounds 
hiis already been mentioned. All three methyl pyridines or picolines 
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‘ * j 

are present In bone-oil. Baeyer^ found that the resin obtained by 
the action of ammionia upon a\irolein yields on distillation jS-picoline. 
The constitution of* acrolein-ammonia is not definitely known, but 
the formula and its transformation into picoline may probably be 
represented as follows : 


CH, 


lie/ |CH:GH, 


N 

Acrolein-ammoni«n. 



This method was the forerunner of others in tvhich aldehyde- 
ammonias with or without the addition of an aldehyde or ketone 
were employed. We select two examples, the formation of £-picoline 
by BOttinger * and that of collidine (s-trimethylpyridinfe) by 
Hantzsch.’ 

By the action of ammonia on pyruvic acid a dibasic acid, uvitonic 
acid OgH 5N^COOH)2, is formed, which, on distillation with lime, 
loses carbon dioxide and yields a-picoline. 



COOH 

COOH 

1 


00 

1 

C 

HsC| 

^CII, 

HG^.CH ^ 

/COOH 


nooc— CO 


HOOC-C^^ /C.CHa 


NHa 

N 

Uvito»ic acid. 


3II2O 

CO2 

II9 


By heating together gently for a few minutes two equivalents 
of acetoacetic ester with one of acetaldehyde-ammonia, dihydro- 
collidine-dicarboxylic ester results. 


ROOO. CHa 
H,C.CO 


CH3 

I 

OHO 


CIL.COOR 


CH 

EO 90 .C,/\c.COOR 


CO.CHj 


CH,. 


I, 


NH. 


NH 


+ 3HisO 


^C.CHa 

m 

Dihydrocollidino-dicarboxylic ester. 


> Atmalen, 1870, 156, 281. ’ Ber., 1877,' 10, SC2 ; 1880, 13, 2032. 

•>B^., 1882, 15,1 29111 
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This compound, on oxidation with nitrous acid, loses two atoms 
of hydrogen, forming collidine-carboxylic ester, from which, on 
hydrolysis and distillation with lime, collidine is obtained. ' 

Special interest attaches to those alkyl pyridines which are derived 
from the alkaloids themselves. By distilling conine hydrochloride 
with zinc dust, Hofmann obtained a base boiling at 166-168', which 
he termed conyrincy and which has since been identified as a-propyl 
pyridine. 

Nicotine passed through ik red-hot tube yields ^-ethyl pyridine and 
jff-propyl pyridine, whereas the hydrochloride of norhydrotropidine, 
a decomposition product of atropine, gives on distillation with zinc 
dust a-ethyl pyridine. Williams obtained )8-ethyl„pyrid:iie by dis- 
tilling cinchonine and quinine with caustic potash. Instances of the 
same thing might be multiplied. 

The pyridine carboxylic acids have also played an important part 
in fixing the structure of the alkaloids. As the degradation of the 
alkaloids by oxidation generally results in the production of one or 
other of these acids, it has been a matter of the first importance to 
determine the position of the carboxyl groups in the pyridine nucleus. 
This has been satisfactorily accomplished by methods for a descrip- 
tion of which the reader is referred to one of the larger textbooks. 
The methods of preparation are the same as those used in the case 
of the acids of benzene, namely, the oxidation of side-chains or the 
hydrolysis of the nitriles. 

The following acids have a special interest, arising from 
their direct or indirect connection w'ith the alkaloids: Nicotinic 
acid (yS-pyridine carboxylic acid) is obtained from nicotine, 
pilocarpine, hydrar.tine, and berberine by oxidation and by the 
action of hydrochloric acid on trigonelline (see below) ; the 
following are also obtained by oxidation : quinolinic acid (a-yS- 
pyridine dicarboxylic acid) from quinoline ; cmchomeronic acid 
(yS-y^pyridine dicarboxylic acid) from isoquinoline, a-carbocinchome- 
ronic acid (a-yS-y-pyridine tricarboxylic acid) from several of the 
cinchona alkaloids, and papaverine and berberonic acid (y3-y-u^-pyridine 
tricarboxylic acid) from berberine. 

The a-carboxylic acids occupy a distinctive position among the 
pyridine acids, owing to the facility with which they lose cari)on 
dioxide on heating, and also by reason of the yellow colour reaction 
which they give with ferrous sulphate. Although the pyridine acids 
naturally possess basic as well as acid characters, the usual reactions 
of the carboxyl group are not thereby afiected. From the acids the 
corresponding amide and, by means of. Hofqianu’s hypobromite 
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reactioii, the amino pyridines may be prepared. The latter resemble 
the aliphatic amines rather ihan the aromatic adiino compounds ; 
for only the )3-conipound can be diazotised with nitrous acid, and * 
manifests the usual reactions of diazo compounds. 

It has been stated that trigonelline is converted into nicotinic 
acid by the action of hydro9hloric acid. This alkaloid, which is 
found in fenugreek (trigonella foenum^graecum), represents a new 
and interesting class of compound now recognized by the generic 
term of betaines. Betaine has long bee^ ^known as a constit'aent of 
beetroot sap, and its constitution has been fixed by synthesis as the 
inner anhydride of hydroxy trimethylgly cocoll. In 1885, ^Tahns^ 
disciSvered trigonelline in tho seeds of fenugreek, and showed that 
the substance was identical with a compound obtai:aed by Hantzsch - 
from nicotinic acid, by trearting the acid successively with methyl 
iodide and silver hydroxide. The relationship between these two 
substances is readily understood from the following formulae 2 


(CH3)*^/QH,-C0 

N O 

* CHj 

Betaine. • 



CH3 

Trigonelline. 


Similar compounds have, been found among the oxidation products 
of cotarnine and hydrastinine. 

The only other group of compounds to whjph reference need be 
made are the hydroxy pyridines. These substances possess both 
basic and phenolic properties and correspond to the amino phenols. 
The a- and y-compound, but not the )8-compounds, are also ctiaracter- 
ized by their behaviour as ketones or lactams, in other words, they 
exhibit the property of tautomerism, and may. therefore be repre- 
sented by the following double formulae: 



o-Rydroxy pyridine. a-Pyridone. 


Bcr., 1885, 18, 2518 


Per., 1886, 19, 31. 
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c. on 



7 -lIydroxy pyridine. 


CO 



NH 


7 -Pyridone. 


They are usually obtained by removing carboxyl from tho hydroxy- 
pyridine carboxylic acids by distillation with lime. The a- and y- 
compounds may also be pi .spared from the derivatives of a- and y- 
pyroneg by the action of ^ammonia in the cold, the single oxygen 
atom being replaced by the NH gro^ip. This connection^ between 
the pyrones and^hydroxypyridines is a peculiarly interesting one, 
since pyrone compounds, associated with alk<aloids, are widely dis- 
tributed among plants. Thus, Lieben and Haitinger ' found that 
chelidonic acid, which occurs with the alkaloid chelidonine in 
the root of common celandine, is converted into chelidainic or y- 
pyridone (Jicarboxylic acid. 


' CO 

1 1' +NH3 = 

HOOC.C' ;c.COOH ■ HOOC.C 




CO 

\ 


\h <> 


,CH 

C.COOH 


+ HjO 


Chelidonic acid 
( 7 -Pyrone dicarboxylic acid). 


Chelidnmic acid 
( 7 -Pyridono dicarboxylic acid). 


Ost* obtained in the same way from <*omenic acid (hydroxy-y^ 
pyrone carboxylic acid), which is formed by heating meconic acid of 
opium, comenamic acid, or dihydroxypicolinic acid. 


CO 

CO 

HC,/\c , OH 

HC,^^ C . OH 

+ NH3 = 

1 +H3O 

Hdl ;'C COOH 

HC\ yC . COOH 

0 

NH 


Comenic acid Comenamic acid 

(/3-Hydroxypyrone carboxylic acid). (Dihydroxypicolinic acid). 

Another interesting synthesis of the same character is the forma- 
tion of hydroxy nicotinic acid from coumalinic acid.^ Ooumalinic 
acid is obtained by the action of strong sulphuric acid on malic acid, 


^ MonatsK, 1883, 4, 275; 1885, 6, 279. 

• J. prakt. Chem., 1888, 2'/, 257 ; 1884, 20, 57, 378. 

* Yon Pechmann and Welih, Bir., 1884, 17, 93G, 2384 ; 1885, 18, 817. 
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in which the intermediate formation of hydroxymethylene acetic 
acid ma^ be assumed to occur. 

, CH . OH CH 


ic/ 


HO 


. cJ 


HC.COOH 


HO 


HO 


oa 


\ 


.COOH 

H 


Intermediat-e product from malic acid. ^ ^^Goumalinic acid. 

CH 

HC/^C.COOH 


oci^ 


lOH 


/' 

NH 

Hydroxynicotinic acid. 


If, as seems on the whole not improbable, the pyrones form the 
basis of some of the alkalbids, a simple mode of preparing pyrone 
compounds may throw some light on the initial stages of the syn- 
tlietic process by which these complex molecules are elaborated in 
the plant. Di- and trirhydroxypyridines and hydroxypyridine car- 
boxylic *acids have also been obtained indirectly from citric acid. 
Thus, hydrochloj^ic acid converts citramide or one of the amides of 
citric acid into citrazinic acid (aa'-dihydroxynicotinic acid). 


C(OH). CONH 2 

cc 



C.OOOH 




HO 


.d^CG 

N 

Citrazinic acid. 


+ 2NHj 


Glutazine (oa^-dihydroxy-y-amino pyridine) is obtained by the 
acting on acetonedicarboxylic ester with ammonia and boiling the 
product, /S-hydroxyaminoglutamic ester, with soda solution. 


HO NH„ 

■ Y 

0(i to.OCjHs 

NH, 

^■Hydroxyttininoglutami<f ejter. 
w. lU : * 


NH 


C 

H,Cj^CH, 

ocl 

NH • 

^ Gftutazine. 


+ H 2 O + C2HgO 


T 
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By boiling gli^tazine with hydrochloric acid, triketopiperidine or 
att'y-trihydroxypyridine is produced. 


C:NH 


ootl 


+ H«0 = 


CO 


'CO 

Nil 

CTratazine. 


OC! 


NH 


CO 


»or 


Triketopiperidine. 


C(OH) 

Hc/ScH 

(HO)ci^(C 

N 

Trihydroxypyrid 


+ NII, 


As 9 >cetonedicarboxylic«ei&ter is a product of the action of sulphuric 
acid on citric acid, both this and ,the previous product mgy be 
regarded as indirectly obtained from citric acid. 


Quinoline. In chemical properties quinoline offers many points 
of resemblance to pyndiiie. It is a colourless, oily liquid, specifically 
heavier than water, in which, unlike pyridine, it is only sliglitly 
soluble. It boils at 240^ On i*eduction it takes up 4, 8, and finally 
10 additional atoms of hydrogen, forming decahydroquinoline. 

Quinoline bears very much the same relation to pyridine that 
naphthalene does to benzene. Thus, on oxidauon with permanganate 
solution, quinolinic acid, i. e. a)3-pyridine dicarboxylic acid, is formed, 
whereas the additive product of quinoline with ben^^yl chloride gives 
under similar conditions a mixture of the benzyl derivatives of 
anthranilic acid and formyl anthranilic acid. 



N 

cf^CHa.C.Hg 

Quinoline benzyl chloride. 




COOH 


,CHO 


N 

Formylbcnzyl 
anthranilic acid. 


^^COOH 

\/\ 

NIIC;H- 


Benzyl anthranilic 
acid. 


It seems as if the ring containing nitrogen in its quinquevalent state 
were rendered less resistant to oxidising agents. 

The appearance of a pyridine nucleus in the produde of the first 
process and of a benzene nucleus in that of the second has led to the 
hypothesis of a double hexagon formula for quinoline, consisting of 
a benzene and pyridine' ring having two carbon atoms common to 
both. 
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4 3 

B Py 

1 N 
U 


This arj-angement of the atoms would also agree perfectly well 
with the various syntheses of quinoline and its derivatives described 
below; but a fuller discussion of the" subject is reserved for the 
conclusion of the section (p. 281). 

The seven hydrogen atoms, according to the hexagon formula, are 
evenly dfbtribu#ed among the carbon atoms, which are distinguished 
by the Greek letters a, y in the pyridine nucleus, and by ortho, 
meta, para, and ana in the benzene ring (I), or, according to another 
method, by numbers following the initial letters B or Py, to indicate 
the benzene or pyridine nucleus respectively (II). Seven mono 
derivatives of quinoline ai;e therefore possible, and of these all the 
methyl quinolines and quinoline carboxylic acids, and .six of the 
seven hydroxy quinolines, are kno\vn. 

Quinoline and some of its homologues are obtained from coal-tar, 
from c'^rtain alkaloids by distillation with potash, or by means of 
one or other of numerous synthetic methods from which the 
following are selected ; 

In 1879 Koenigs ^ obtained quinoline, in a similar manner to that 
by which he prepared pyridine, by passing the vapour of allylaniline 
over heated lead oxide. * 


CII CHa 

nJ 


+ 20 


CII oil 

nc/^"^,cn 




'on 


2H,0 


HcL 

CH NH 

Allylaniline. Quinoline. 

In the same year Baeyer converted hydrocarbostyril (the anhydride 
of o-aminohydrociiinamic acid) into quinoline by the successive 
action of phosphorus penta chloride :ind*hydriodic acid. 
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To take one example, o-aminoacetopheuone gives with acetophehone, 
a>phenyl-y>-methylquinoline. * 

CO . OH;, ^CHg) 

CH, CH 

+ . , +2H,0 

CO.CuH, !o.C„H* 

ra, N 

O'Aminoacetoplienone. a-Phenyl- 7 -methylquiiioline. 

Anthranilic acid and o-toluidine ha\> also been used in con- 
junction with aldehydes for effecting qumoline synthesis. 

COOH C(OH) 

/ OH, 



^3 

3HO 


NHa 

Anthranilic acid. 


KM 


CH, 



NHa 
o-Toluidine. 


CHO 

CHO 

Glyoxal. 


Y-Hydroxyquinoline. 

CH 

1^/\CK 


N 

Quinoline. 


ICH 


To a somewhat different class of reactions belongs the important 
synthetic method of Skraup. 

In 1880 Koenigs obtained quinoline by heating nitrobenzene with 
glycerol and sulphuric acid at 180-190°, a reaction which was very 
soon replaced by the more effective process of Skraup,’ which 
appeared in the same year. It consists in heating an aromatic 
amino compound with glycerol, sulphuric acid, and nitrobenzene. 
The mechanism of Skraup’s method is usually explained by assuming 
that glycerol undergoes conversion into acrolein by the dehydrat- 
ing action of the acid, and is followed by the foripation of acrolein- 
aniline with the aniline or aniline derivative. This acrolein-aniline 
is then oxidised by the nitrobenzene to quinoline. 




CH 


Aorolein>aniliiie. • 


(Juinoliue 


jCH 


> ilonatth?, 1880, 1»816 ;* 188f, 2, 141. 

I • 
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The method is of the greatest value, for, provided one ortho position 
^ to the amino group in the nucleus is free, any amino compound may 
be used, and the number of substituted quinolines which' can be 
prepared in this way is very large. The substituent^ group in these 
cases is naturally restricted to the benzene nucleus. 

Tho'quinaldine synthesis of Doebner and von Miller must complete 
this bnef summary of synthetic methods. It consists in the action 
of sulphuric or hydrochloric acid upon a mixture of aniline and 
aldehydes. From aniline acetaldehyde (or paraldehyde) a-methyl- 
quinoline or quinaldine is obtained. The mechanism of the process 
probably consists in the cohdensation of two molecules of alkylidene 
aniline (formed by union of the aldehyde and aniline^, thus^. 

C : CH . CII3 CcH-N ; CH . CII2 

• C,H,N:CH.CIl3 ^ CcH3NH.CH.CH3 
It is followed by the elimination of aniline and hydrogen with ring 
formation. 


CoTI.NcjCH.CHa 

CcH3NH.CII.CH3 



+ C.,H,NH, . II, 


In pltice of aldehyde or ketone, mixtures of aldehydes and ketones 
may he used. With aniline, acetophenone, and acetaldehyde, 
y-phenylquinaldine has been obtained. 

C C,.H« 


+ CoHa . TO . CH, + CIIO . CII, 


cn 

C.CH3 

if 

7-Fliciiylquitialdino. 


An adequate account of the chemistry of quinoline and its deri- 
vatives would cany us far beyond the scope of the present essay, 
which is intended to include only those compounds possessing some 
kind of relation to the alkaloids. ' 

Numerous alkyl quinolines have been prepared synthetically by 
one of the methods already described and possess the general 
characteristics of quinoline. Lepidin'e or y-methylquinbline can be 
obtained from cinchonine by distillation with potassium hydroxide 
or lead oxide, and it is also interesting to n^te that p-methoxylepidine 
occurs among the deconiposition products of quinine. y-Phenyl- 
quinoline is another product ’whicl} brings* lys into touch with the 
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alkaloids, for, according to Koenigs, it is the parent substance of 
quinine. ^ » 

The following cyiinoline acids are also directly related to -the» 
alkaloids: cincJigninic acid (y-qiiinoline monocarboxylic acid) is obtained 
by oxidising several of the cinchona alksxloids, and quininic acid 
(p-metboxycinchoninic acid) is formed by the oxidation of quinine. 

Isoquinolinef which is isomeric with quinoline, is a cofourless 
solid, melting at 21°, boiling at 240°, and possessing a smell like 
quinoline. It was originally found by Hoogewerff and van Dorp* 
in coal-tar in the crude quinoline unction and separated by 
crystallization of the slightly soluble sulphate. On oxidation it 
gives bqth phthalic and cinchomeronic acid, which points to the 
following structural formula: 


CH CH 



Isoquinoline. 


CH 

Hc/^iC. COOH 

Hck i*C. COOH 
CH 

Fhtlialic acid. 


CII 

HOOC. C/^CH 

HOOC.dl^'^N 
• CH 

Cinchomfironic acid. 


Also alkyl isoquinolinium halides give on oxidation alkyl phthal- 
imidec. 


I 

V\/"\C1 


/\. 


CO 


\/\ 



N . C,H, 


CO 


This structure has been confirmed by subsequent synthesis, which 
was first accomplished in 1886 by Gabriel. * Homophthalimide is 
converted by phosphorus pentachloride into dichloroisoquinoline, 
which on further heating with hydriodic acid and phosphorus passes 
into isoquinoline, identical with Hoogewerlf and van Dorp’s base. 


CH^ 

CO 


CH 


V'X/' 

CH 


IN 


Homophtl^limide. Dich^roisoquinolino. Isoquiuoiine. 

Le Blanc * has effected the same result more directly by heating 
homophthalinride with zinc dust in a current of hydrogen. A 



* /Zee. trav, cAtm., 188&, 4, 126. 


■ Per., 1888, 21, 2299. 
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reaction, resembling the formation of quinoline from allylaniline^ 
which consists in passing benzylidenotethylamine through a red-hot 
tube, also furnishes isoquinolina 

CH 


«i Benzylidene ethylafnj^o. Isoquinoline. 



/\ 


CH, 


'iCH, 


CH 


IN 


Fischer* obtained isoqpiuoline b/ dissolving benzylsmino-aoet* 
aldehyde in fuming sulphurie acid, w^ich acts both as a dehydrating 
and oxidising agcjpt. 


CHO 
^CH. 



Benzylamino-acetaldehyde. 


CH 



Isoquinoline. 


An interesting isoquinoline synthesis was ejected by Bamberger 
and Goldschmidt,* who found that both stereoisomers of cinnamic- 
aldoxime on distillation with phosphorus pentoxic^ undergo the 
Beckmann change and give isoquinoline as follows (Part II, p. 866) : 



CH 

/V^,CH 


yen , 

NOH . 
Cinnamie aldoxime. 


CH 

/N/^ch 






& 


.OH 

Intermediate product. 


\/ . 

CH 

Isoquinoline. 


Pomeranz obtained a-methylisoquinoline by the action of strong 
sulphuric acid on a mixture of aminoacetal and acetophenone. 


CH(OC,H,), 

+ Nch, . 
30. OH, 

Aeetophenone. Aminoacetal. 




+ 2C,H,0H + H,0 


" CH, 

a.MethyU 80 qninoUne. 


> Bar.. 189S, 86, 76A ■' 


* Bar., 1894, 27, 1964, 2796. 
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Isoquinoline derivatives may also be prepared by condensing acyl 
carbinols with phosphoric a<r.d in xylene.^ 


■ CH . OH 

cor.' 

CO.E 


CH 

/VNch 



iN 
C.R 


+ 2HoO 


R = methyl, phenyl, 
benzyl 


Structure of Pyridine* Qainoline* and Isoqnanoline. In dis- 
cussing in further detail the constitutr:.n of pyridine, quinoline, 
and isoquinoline, that of naphthalene . may be included, since the 
same process of reasoning has been applied in turn to each. 
Assuming thaf benzene and pyridine form rings of six atoms, it 
follows that quinoline, isoquinoline, and naphthalene are each com- 
posed of a double nucleus of six atoms, two of which aie common 
to both nuclei. For, in the case of naphthalene, it has been shown 
^hat if either nucleus is mmoved by oxidation a benzene derivative 
results. Graebe found that if a-nitronaphthalene is oxidised, nitro- 
phthalic acid is formed, whereas a-naphthylamine, obtained from 
the same a-nitronaphthalene by reduction, yields phthalic acid. 


HOOQ 

S 

B 

HOOC 


o NOa 

,B 

\/ 


NH. 

/\/^ 



A 

^ \C00H 


In the one case nucleus A is removed, in the other nucleus B, and 
in both cases a benzene nucleus remains. Quinoline in the same 
W'ay may be oxidised to quinolinic acid on the one hand, and to 
a derivative of anthranilic acid on the other (p. 274). 


iBj 

HOOO^'^ 





A 


COOH 


\X\ 


NH, 


Under similar conditions isoquiuolis^e gives a mixture of phthalic 
ahd cinchomeronic acid (p. 279). 


HOOQ, 


\/\ 




HOOC 





B 




iN 


/\/ 

A 


OOOH 


\/^COOH 


^ FictetPapd Gams, 1910, 43, 2384. 
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The symmetrical grouping of the hydrogen atoms is borne' out by 
the existence of two isomeric mono «clerivatives ,of naphthalene, 
lihree of pyridine and seven of quinoline, wherq^is the equivalence 
of the two nuclei in the case of naphthalene follows* from the fact 
that 2 . 7-dihydroxynaphthalene forms with alcohol and sulphuric 
acid a dialkyl ether. For this proper ty;, of forming ethers after the 
manner of alcohols is not shared by the phenols of benzene, and, as 
lirst pointed out by Bamberger, the formation of such an etlier in both 
nuclei ef naphthalene is strong evidence in favour of their symmetry. 

Having set forth the facts upon which a symmetrical bi-cyplic 
nucleus *is based,, the issu<» harrows itself down to a discussion of 
the fate of the fourth carbon and thy-d nitrogen bo^d, 4 s in*the 
case of. benzene Wft have a choice of formulae, firstly, those modelled 
on Kekule’s formula for benzene. . which include Erlenmeyer’s 
naphthalefio formula and Kdrner^s formula for' pyridine and 
quinoline, secondly, those modelled on the Armstrong and Baeyer 
centric formula, which is repmsented by Bamberger's formula for 
naphthalene, . quinoline, and isoquinolide, and finally Biedel’s 
diagonal formula for pyridine and quinoline. 

Eiedel’s formula^ may be dismissed in a few words. It rests 
mainly upon the formation of acridinic acid (quinoline dicarboxylic 
acid) from acridine by oxidation, and certain synthetic methods 
involving the use of aliphatic compounds. As» acridine, like 
anthracene, is supposed to possess a para linkage connecting the 
nitrogen and carbon of the middle nucleus, the same kind of linkage 
is retained .in the quinoline and also in the pyridine foi*mula. 


CIT 


■ i/\/ 

N 

Acridine. 


cir 

/\/|\c • COOH 


V^l/ 


IC.COOH 


N 

Acridinio acid. 


CH 


V\l 




Quinoline. 


JOH 


Such an assumption, quite apart from tlie uncertainty which 
surrounds the structure of acridine itself, implies an immobility 
of the para linkage during t/ie degradation of thd molecule which 
does not necessarily follow. The formula is moreover difficult to 
reconcile with the mechanism of thosk synthetic methods by which 
the majority of pyridine and quinoline derivatives are prepared. 

None of these difficulties are presented by either* the Kekuld or 
centric type of formula. * At the same time it must be admitted 
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that the Ke'kule type of formula is open to precisely the same kind 
of criticism which benzene affords, and which has been fully dis- 
cussed ih Part II, p. 377. 

But suppose we accept Kekule’s formula for benzene and pyridine, 
does tl\e formation of benzene derivatives from naphthalene, and 
both benzene and pyridine* derivatives from quinoline an'd iso- 
quinoline^ ^necessarily imply the pre-existcnce of these nuclei in the 
original compound ? 

Although at first sight an affirmafivi^ reply to the qdestion 
appears the most simple and •obvious qne, Bamberger^ has shown 
that there are many experimental facts which are opposed to* it, and 
he prefers to rugard all three^ compounds as represented by a ring 
of ten atoms, in which the fourth carbon, or third nitrogen, bond, 
as the case may be, are directed towards the centre of each nucleus 
thus : 

CTI CII HC CH CH CH 

Hc/I^CcflNciI Hc/l^>G<fl\oH 

HC CH * CH N CH CH 

Naphthalene. Quinoline. Isoqiiinolino. 

The evidence in favour of this theory will now be briefly reviewed. 
By the action of sodium in amyl alcohol solution upon a- and p 
naphthol and a- and )8-naphthylamine, Bamberger obtained tetra- 
hydro compounds in which four atoms of hydrogen were added 
either to the substituted or unsubstituted nucleus. The two hydro- 
genated compounds, which are formed sirimltaneously, can be 
separated by suitable means and their nature determined by the 
products of oxidation. If the reduced nucleus contains the amino 
or hydroxyl group, the compound loses its aromatic character and 
takes that of an aliphatic compound. In this case the compound 
is termed alicyclic = ac (aXcK^ap, fat ; kukXo?, rin']g;)f since it contains 
a closed chain having aliphatic properties. Thus, ac-tetrahydro- 
)3-naphthylamine closely resembles phgiiylethylamine in ammoniacal 
smell, strongly basic character, and in the stability of its crystalline 
nitrite ; further, in the fact that, by the action of dilute sulphuric 
acid and hydrobromic acid, ainmonia is evolved, and in each case 
an unsaturated hydrocarbon (styrene in the one case and dihydro- 
naphthalene in the ot|ier) results. The correspondiiig ac-tetra- 
hydro-j9-naphthol has the properties of alh alcohol. 

Unnaleuy ISQO, 257, 1. 
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This is accounted for by supposing that in Bamberger’s formula the 
withdrawal of the four free bonds of tfie substituted nucleus causes 
the two middle carbon atoms to unite, thereby converting the other 
nucleus into a benzene ring. 


CH CH 


OH CH« 


Hck , X I t HC< , >a JoH, 


iK-N aphthy lamine. 


CH CHj, 

ac-Tetrahjrdro-^-naphthyUminek 


CH CHg' 

HC<fl')X\3Hi,, NH, 

Hcl<^I^H 

CH 

, Plienjletbylaminea 

CH CH 

Hc/I'y!<fl\c. OH 

HC<^,jX,^‘cH 

CH CH 

3-Naphthol. 


-I- 4H 


CH CH, 

HC,<fl\c/^H.OH 
IlJ/ |^(X^CH, • 

• CH OH, 

ac-TetrahydrO'/3-naphthol. 


Suppose now that the unsubstituted nucleus has undergone 
reduction, the benzenoid character of the compound is accentuated, 
and to distinguish it from the other hydrogenated product it is 
termed aromatic = af. Thus, ar-tetrahydro-a-naphthylamine is 
much more closely related to t;-xylidine than to a-naphthylamine, 
for unlike the latter it gives no colour reaction with ethyl nitrite. 
On the other hand, it possesses the neutral reaction, the weak basic 
properties, and characteristic behaviour towards nitrous acid of an 
aromatic base. Here the withdrawal of the four bonds transforms 
the svbstituted nucleus into a benzene ring. 


C.NH, 



CHg C.NHa 


CH CH CH, CH 

o-Naphthylamine. • ar-Tetrahydro- 

■ a-naphthylamine. 


CH, C.NB^ 

'JcH 


/d/,>lcE 

•CH, CH 

v-Xylidine. 
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In the same way xylenol resembles ar-tetrahydro-a-naphthol, for 
the latter, like all the phencfla derived from benzene, is incapable of 
forming ethers with alcohol and sulphuric acid, whereas a- and p~ 
naphthol in coftiinon with the alcohols possess this property. 

GlI C(OH) CHa C(OII) CH3 C(OH) 

^ J WlScH 

CH CH CHa* CH CH3 OH 

a-Naphthol. ar-Tetrahydro-a-naphthol. o-Xylenol. 

Two isore examples must suffice. Para-phenylenediamine can be 
readily converted into the colouring matters known as indamine, 
saffranine, and thionine dyes. This property is entirely absent in 
the corresponding naphthalene derivative. If, however, p-naphtha- 
lenediamine is reduced in the unsubstituted nucleus, the characteristic 
properties of the benzene derivative immediately appear. This is 
readily understood from the change of structure. 


CH C.NHa 

fr '1 + 

CH C.NH, 

p-Maphthylencdiamine. 


CHj C.NHjj 

CHj 8 C.NHa 
ar-Tetraliydro-p-naphthyleiie- 
diamine. 


Again, the naphthoquinones combine with phenylhydrazine to form 
hydrazones, whilst quinones of the benzene series are merely 
reduced to the quinols. Hydrogenation in the unsubstituted nucleus 
produces tetrahydronaphthoquinones which show an exactly parallel 
behaviour with the benzoquinones and undergo reduction to tetra- 
hydronaphthoquinols. 

The results are embodied by Bamberger in the following three 
propositions : ' .* 

1. In naphthalene and in those derivatives in which each of the 
eight carbon atoms is linked to a univalent radical (or element) 
there exist two carbon systems, one of which becomes a benzene 
ring when the other takes up four atoms of hydrogen. 

2. If one of the two carbun systems of naphthalene takes up 
four atoms of hydrogen, it assumes thereby the functions of an 
open aliphatic "chain. 

3. The process of hydrogenation of one system consists in con- 
verting the product intd pne resembling' a benzene derivative with 
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an aliphatic side-chain, the hydrogenated part assuming aliphatic, 
the non-hydrogenated part aromatic functions. 

The experience with naphthalene has been found by Bainberger 
to embrace other cyclic structures. If, fur example, the pyridine 
nucleus in quinoline and isoquinoline is reduced, the tetrahydro 
compounds so formed have the closest resemblance to methylaniline 
in the former case and to benzylamine in the latter. 


CH CH, 


CH NH 

Totraliydroqninoline. 


CH 

HC<('I^CH 

Hck^^CH, 

CH iTH 

Methylaniline. 


CH CHj 
HC|<'l^jC/NcH, 


IIcl<'|^'(\y)NH 

^ CH OTa 

Tetrahydroisoquinoline. 


CH 

Hc/l>jCH 

hcMc\^nh, 

CH CIIj 

Benzylamine. 


The resemblance is exhibited in the following way: Ziegler* 
showed that tetrahydroquinoline nitrosamine undergoes intra- 
molecular change with alcoholic hydrogen chloride m precisely the 
same way as methylaniline nitrosamine ; in both cases the nitroso 
group is transferred to the para position to the amino group 
(Part II, p. 370J. 



dig 

N6f(T\/\cH, 


1 / ''1 , 

NH 


tell. 


Again, the N-methyl derivative of tetrahydroquinoline behaves 
like dimethylaniifne ; 


CJL, 

I'^CH, 


/I 

N 
NdHs 


ten . 


/\ 

WX 

N 

''CH, 


‘ her., P888, 21, 80*2. 
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for it yields a jp-nitroso derivative resembling nitiosodimethylaniline ; 
it forms a corresponding leu'comalachite green with benzaldehyde, 
which like that deiwed from dimethylaniline yields a green dye-stuif 
on oxidation, an^ it unites with diazonium salts to form red azo-colours. 
Moreover, p-aminotetrah^^droquinoline gives the characteristic colour 
changes exhibited by an alkylated p-phenylenediamine, such us the 



NH, 


/\ 


Nil 


CH, 


indamine and saifranine reactions when oxidised wich aniline hydro- 
chloride, toluylene red and ‘ blue colours with m-phenylenediamine, 
and methylene blue with hydrogen sulphide and ferric chloride. 

Many other facts of a similar nature have been observed among 
derivatives of tri-cyclic systems. 

Marckwald ^ sees in the different behaviour of amino-naphthalenes 
and amino-quinolines, when submitted to the reactions of Skraup 
and Doebner-Miller (pp. 277, 278), a confirmation of Kekulo’s hypo- 
thesis, for according to'' the Erlenmeyer formula for naphthalene and 
the KOrner formula for quinoline the positions 1 . 2 and 8 . 4 are 
different from 2> 3, whilst in the centric formula they are equivalent. 


y\/^^o 

I ^ I 
! ii L 

4 


1 


\iA'/ 


2 

3 


4 


With an amino group in position 1 or 2 the attachment of a 
pyridine nucleus by the above reactions never produces a compound of 
the symmetrical type (I), but always of the unsj^mmetrical type (II). 


1 ' i 

1 1 1 

1 1 I 

1 1 


9 


I. 

II. 


On the other hand the dicentric formula is adopted by Willstatter® 

‘ Annalm, 1893, 274. 831 ; 1894, 279, 14. 

> Ber., 1913;4Q, 1051.^ ' ^ 
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on* the ground that whilst dihydronaphthalene is readily reduced by 
hydrogen in presence of platinum' to the tetrahydro-compound, 
naphthalene behaves differently, inasmuch as ho such intermediate 
reduction products can be isolated, but only forms the decahydro- 
compound, and consequently contains no ethenoid linkage. Stark 
also gives his support to this formula from the nature of the absorp- 
tion bands, which closely resemble those of benzene (Pai't II, p. 87). 
Another formula has, however, been suggested, which lies midway 
between that of Erlenmeyer and the dicentric structure, and is 
known as Harries’ ceiitric-ethylene formula. 



One benzene ring has the centric, the second the Kekule arrange- 
ment. This view is chiefly based on tl^e behaviour of naphthalene* 
with ozone, with which it forms a diozonide instead of at least 
a tetra-ozonide as required by the Erlenmeyer formula (Part I, 
p. 121). 

General Properties of the Alkaloids. From the long list of 
vegetable bases a few typical and better-known examples have been 
selected, with the object of illustrating the manner in which 
the resolution of the alkaloid has been effected, the constituent 
fragments of the molecule identified, j^nd the problem of its 
structure finally solved. It is impossible to lay down other 
than broad generalizations in describing the alkaloids. They are 
confined to no special orders or parts of plants; but they are 
specially abundant in the families of Bubiaceae, Solanaceae, and 
Papaveraceae, and rare in those of Labiatae and Bosaceae. It is 
seldom that only one alkaloid is present in the plant, more commonly 
there are several;.in opium, for example, as many as twenty individuals 
have been isolated, and the alkaloids which are associated in this 
way are usually closely related in structure and properties. Where 
the alkaloids are of a strongly poisonous character they are either 
elaborated by the protoplasm for defence against destruction by 
animals, or represent waste produdss which are stoud in special 
cells and so rendered harmless to the plant. A few, which like 
conine and nicotine are liquid, are as a rule free from oxygen, but 
the majority are solids and contain oxygen. The larger number of 
alkaloids are colourless, btit a few, such as berberine and sinapine. 
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have a yellew colour. They are very soluble in water, but are ilbuch 
more readily dissolved by aldohol, ether, and other organic solvents.^ 
They possess a bitter taste, an alkaline reaction, and form crystalline 
salts and double salts. The majority are optically active and these 
are nearly all laevogyrate. They have frequently been^ utilized for 
resolving inactive acids into*, their active components. They also 
exhibit characteristic absorption spectra (Part II, p. 77). They 
rarely exis*t in the plant in the free state, but are more frequently 
present as malates, citrates, lactates, i^aiyiates, or bound t<J some 
other acid which is a peculiar accompaniment of the alkaloid. 
Meconic acid, for example, is combined tvnth morphine in "opium, 
quixiic ar«d wijh quinine, cl:3lidonic acid with chelidonine, and 
aconitic acid with the alkaloids of aconitine. Tlie alkaloids con- 
tain one or two atoms of nitrogen, rarely throe or four, and the 
nitrogen imparts to the compound the function of a secondary, or 
more frequently of a tertiary, base. The nitrogen is firmly fixed in 
the molecule ; but it can be occasionally removed as ammonia by 
the action of strong reducing agents ; by the action of alkalis it is 
sometimes eliminated as methylamine, indicating the attachment 
of methyl to the nitrogen in ,the molecule. The number of such 
methyl groups can be ascertained by a method analogous to that 
of Zeisel for estimating methoxyl groups. The stability of the 
cycljc nitrogen atom in the alkaloid is greatly weakened by making 
the element quinquevalent. An example of this character has been 
given in the case of the benzyl chloride compound of quinoline, 
which on oxidation gives a derivative of anthranilic acid. This 
property has been utilized by Hofmann in breaking down some of 
the alkiiloids and will be referred to later. Wh^jn oxygen is present 
in the alkaloid it is usually in the form of hydroxyl or methoxyl, and 
occasionally as carboxyl or an ester group. The ordinaiy methods 
can be applied in determining the number and nature of these 
groups. The chemical charactei-s of the alkaloids are very diverse. 
Some, like piperine, are amides ; others, like atropine, are esters ; 
solanino is a glucoside. In all these cases they can be hydrol;^sed. 
Oocal'ne on hydrolysis splits up into methyl alcohol, benzoic acid, 
and a base, eegonine. Where hydrolysis can be effected, it always 
precedes any other process of decomposition. The action of alkalis, 
of zinc dust ^d of other reduWng agents, has been used to effect 
further changes, but, of all reactions, the most valuable results have 
usually been doriTed from regulated oxidation. Among the numerous 
oxidising agents, potassium permanganate in»acid or alkaline solution, 
nitric and chromic acids are generally ’employed. The alkaloids are 
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usually classified under (1) derivatives of pyridine ; (2) ‘derivatives 
of pyrrolidine ; (3) derivatives of quinoline ; (4) derivatives of iso- 
quinoline ; (5) derivatives of purine. 

Examples are selected from each of these groups, excepting that of 
the purine bases, which is ti'eated elsewhere (p. 102). 

A vely interesting theory of the mechanism of alkaloid synthesis 
ill the plant is given by Robinson.^ 


THE PYRIDINE ALKALOIDS 

Fiperine. The dried fruit of black pepper (piper nigruni) e'en- 
tains, in addition to a terpene and a resin, from ?-9 per cent, of 
a tasteless crystalline alkaloid termed i)iperine, which was discovered 
in 1819 by Oersted. Its composition, Ci^HujNOg, was first correctly 
ascertained by Regnauli. Piperine is a weak base, and is withouf 
action on polarized light. In 1845 Wertheim and Rochleder * found 
that, on distilling it with soda-lime, a volatile liquid passed into the 
receiver, possessing a strong ammoniacal smell and basic properties, 
which Cahours named piperidine, and gave it the formula CgH^N. 
A few years later Babo and Keller'* discovered that piperine could be 
decomposed by means of alcoholic potash into piperidine and the 
potassium salt of a new acid, to whicl^ the name piperic acid was 
given. The decomposition may be represented as follows : 

OnHigNOa + H^O = C,HnN + 

* Piperine. Piperidipo. Piperic acid. 

The result led to a partial synthesis by Rugheimer* in 1882, by 
acting on piperidine %vith piperic chloride dissolved in benzene, 

CiiHgOa . cool + CfiHiiN - Oi-II^gNOg + HCl 

Piperic chloride. Piperidine. Piperine. 

from which it follows that piperine is probably an amide. Piperidine 
has a powerful aminoniacal smell, a strongly alkaline reaction, and 
exhibits all the properties of a secondary base. 

The first important contribution to our knowledge of the constitu- 
tion of piperidine is due to Hofmann,® who in 1879 showed that by 
heating it with bromine and water at 200-220°, dibromo-hydroxy- 
pyridine is formed. This close relationship to pyridin«<, from which 
piperidine differs by only six atoms of hydrogen, was further demon- 

1 Tram. Chem.Soc., 1917, Itl, 876b 

2 Annalen, 1846, 54, 266. ^ J. pralct. Cheni., 1857, 72, 63. 

« Ber., 1882, 1.6, 1390. ' b Per., 1879, 12, 985. 
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strated by* Koenigs^ in the same year, by converting it directly into 
pyridine by oxidation with Strong sulphuric acid at d00°, and late^ 
by Lellmann and Oeller, who used nitrobenzene at a temperature of 
250 ®. Piperiflino must therefore be regarded as hexahydropyridine, 
a conclusion which was supported by the subsequent ^-eduction of 
pyridine to piperidine by moans of tin and hydrochloric acid, or by 
sodium and alcohol. Its complete synthesis was effected by 
Ladenburg * in 1885 . by rapidly distilling the hydrochloride of 
pentamethylenedianiine. • 

. 2 HC 1 - CgHi^N . HCl + NH4CI 

FentainoUij^leuodinmine Fiperidino 
^lydrocliloridc. hydrochloride. 

The latter conix)ound is obtained from trimethylene bromide, 
which is successively converted into trimethylene cyani<}e, and on 
reduction with sodium in alcoholic solution into pentamethylene- 
diamine. 

CH.Br CII2 . CN^ CHa . GHa— CHa 

I I I U I 

CH2 CII2 CH2 CII2 NH 

II. II 

CHaBr CH2 ON Cn2.OII2.NH2 CH2— OIIj 

Trimethylone Trirnethylone Pontamotliylene- Fiperidino. 

bromide. cyanide. diamine. 

Other syntheses have since been discovered. Gabriel and Blank 
converted cu-chloramylahiine and cu-broniamylamine into piperidine by 
treating with alkali,^ 

.CH2 . CH2 . Cl .CH2 . CH2V 

CH2<: + KOII = 0 H 2 <: >NII + KOI + H2O 

^CHa . Clla . Nllg XJHg . Cllg^ 

w-Ch 1 ora my lam i n e. 

and 3 -aniino valeric aldehyde, which is obtained by the oxidation of 
benzoyl piperidine, can by the reverse process of reduction be trans- 
formed into piperidine, 

/CII2 . Clio /CHg . OHgv 

0H3< + 2H - CH2< >NH + HjO 

^ CHg . Clla . NH2 , XIHa • OIL/^ 

8- Amino valeric aldehyde. 

It may be well to consider here some of the changes produced 
by the actiofi of certain reagetits on piperidine and its derivatives, 


Far., 1879, 12, 2341. 


2 Fcf., 1885, 18, 2956, SIOO. 
» Ser., 1892, 26, ^21, SOIO. 

* • U2 
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since similar reactions have been employed in the study of other 
, alkfiloids. ' c- 

It has already been stated that when the nitrogen of the base 
becomes quinquevalont it is more subject to chan'ge. This was 
shown year® ago by Hofmann' in the case of quaternary aminoniuni 
bases. ‘ Thus, tetraeth5^1aminonium hytlroxide on heating breaks up 
into trietliylamine, ethylene, and wat('i*. 

(cy 15)411 . on = (C2H5)3N + C2II4 + H.3O 

In applying this rcactiG».i to piperidine, a similar change occurs.® 
Piperidine is convertible into the tertif.ry base, methyl piperidine, by 
the action of methyl iodicio, and fonns^an additive compound with 
methyl iodide which yields in the ordiilary way dimethyl pipetidinium 
hydroxide. Tlie latter, on distillation, loses water and forms a com- 
pound ha),dng the composition of dimethyl piperidine. These changes 
hfive been shown by Ladenbiirg to occur in the following way : 


CHa 

C112 

Clla 

HaC'^NcHa 

HaC/ ^CTIa 

HC^NciIa 

Had^ 

HaC lolJa 

li 

IlaC' /OHa 

N 

N ■ 

OII 3 

CHa 

Oil cn^ CH 

Methylpiperkline. 

I) I me tl ly 1 pi perl d ir 

Dim ethyl pi peri d i n ^ 


hydroxide. 


If now the last compound be in turn submitted to a similar series 
of reactions, the final product decomposes on distillation into pipery- 
iene, trimethylainine, and water. 

CIL, CHo 

HCff^CHa HC/\CH 

, , , +H(CIIa)3 + n,0 

H,0 'CHj H.^C 'CH., 

Qjj Piperylene. 

0 CH3 CH3 CII3 

The process is known as ‘ exhaustive methylation \ 

In connection with the open-chain, * dimethylpi]3endine,’ Mcrliiig® 
has made the interesting observation *that on treatment with hydro- 
chloric acid the chain closes, and by isomeric change a dimethyl 
pyrrolidine methyl chloride is formed, and at a higher temperature 
methyl chloride is removed and jY-methyl-a-methyl pyrrolidine 
results. ^ , 

» Aiinalen, 1851, 78, 203. .2 ‘‘ISSl, 14, 491, 650. 

^ Annnle.n, ISOl, 264, 310. 
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CH 

'HgC 


OH, 

,CHa 


N 

/x 

CHa OHj 

Dimelhylpiperidine. 


CHa 

HC^ \CII, 

Hac" Joll, 

H\/ 

01/^ 

OH, CH, 

Interiuediate hydrochloride. 


oil, 

CH. 


II.,C 

0H3HCS 
• Cl-N 

/\ 

CH, CH, 

Dimetliylpy rrolid ine 
ui ethyl chloride. 


Hj 


CHsHcA 


.CH, 


'CH, 


. N 

CH,, 

^'-Methyl-a-nielhyl 
pyrrolidine. ' 


The presence of an acid radical attached to the nitrog^^n atom in 
place of hydrogen renders piperidine readily oxidisable, a*proc6SS by 
which the ring is ruptured and an open-chain compound produced. 

Thus, piperidyl urethane gives on oxidation y-carbethoxyainino- 
butyric acid, which splits up with hydrochloric acid into ethyl 
chloride, carbon dioxide, and y-aminobutyric acid, 


CH, 

H^Cr .CH, 

H,a ICH, 

N-COOCaH, 

Piperidyl urethane. 


cn, 

H,cr' '^COOH 

n,ci 

Jrii.cooc,H, 

7-Cai beth oxyiimi no- 
butyric acid. 


CH, 

H,cr' X)OOH 


H,0 
* \ 

NH, 

7-Aminobutyrio 

acid. 


whilst benzoyl piperidine on treatment with potassium permanganate 
forms benzoyl S-aminovaleric acid. , 

OIL 



H„r- \CH, 


N.CO.CoH,, 

Ben zo y Ipiperidine. 


11,0's 


coon 


NH.CO.CuHg 

Benzoyl S-aniinovaleric acid. 


The latter process mav be reversed, in 1:ho sense tl^at, on heating, 
£-aminovaleric acid loses winter ^nd gives the lactam, a-piperidone. 
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t-AmiiiuvalGi’ic acid. 


CH, 

,0^00 

a-Piperidone. 


H, 


It is, an interesting fact tha/:, whereas the open chaiii compound is 
without physiological action, piperidone is a strong poison. 

The tction of phosphoric s * pen tachldride, which has been recently 
studied by v. Braun,' promises to become a useful addition to .the 
methods of breakmg down the cyclic structure in alkaloids. 

Beiizoylpiperidine with phosphorus pentachloride yields a mixture 
of benzonitrile and 1 : 5-dichloropentane. 






CII2 


iCH, 


Y.COC0H5 

Benzoylpiporidine. 


CII2 

n,Q 

^ +CN.O„IIs 
ClHsC' 'CnaCl 

1 ; S-Dichloropeiitan^* Bonzonitrilo. 


Flperic Acid. The acid constituent of piperine has still to be 
considered. Our knowledge of its structilre is due to^Fittig. Piporic 
acid is a crystalline compound of the formula 
unsaturated, since it unites with four atoms of bromine, forming 
a tetrabrohio derivative, CJ2H10B14O4. reduction with sodium 
amalgam it forms a- and y6?-dihydropii>oric acid, 
the latter can take uf two additional atoms of hydrogen, when the 
saturated tetrahydropiperic acid is obtained. On oxidation with 
potassium permanganate it yields two compounds, pi^eronal^ 
OsH,;0;j, and piperonylic acid, 0«H604. The former is an aldehyde 
which readily changes on oxidation into the latter. Piperonylic 
acid is a saturated*^ acid and decomposes on heating with hydro- 
chloric acid at 170°, or with water at 210°, into protocatechuic acid, 
carbon being separated. ^ 

CJI0O4 = C^HoOj + C 

Piperonylic acid. Protocatechuic acid. 

By reversal of the process, Fittig and Eemsen succeeded in build- 
ing up piperonylic acid. This was effected by heating protocatechuic 
acid with meth^dene iodide in presence of potash. 

C7IP6O4 + CH2I2 + 2K0II = C8H6O4 + 2H2O + 2KI 
» Bcr., 1904 37. 3688. 
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The structure of protocatechuic acid being known, the formulae 
of piper onal and piperonyEc acid probably staild in the following 
relationship : * 



Frotoo<tcchuic acid. Fiporonal. 


H, 


o 


;OOOH 

Piperonylic acid. 


The group ‘piperonyl* 






• ^ 

is not an uncommon constituent of vegetable prodjicts. 

Piperic acid can only possess one side-chain corresponding to the 
carboxyl group of piperonylic acid, and since its formuki is that of 
piperonylic acid with the addition of the di-olefinic group^C 4 ll 4 , it 
is probably represented as follows: 





I— CH : CH . CH : CH . COOH 


This agrees with the fact that it yields two isomeric dihydro 
deriva+ives, and also with Doebner’s discovery that on careful oxi- 
dation it forms pi^Deronal, the side-chain being oxidised to racemic ^ 
acid. The structure of the acid is further confirmed by its synthesis 
from piporonal by Ladenburg and Scholtz.^ Piperonal condenses 
with acetaldehyde in presence of caustic soda solution. The um 
saturated aldehyde, piperonyl acrolein, is then converted by means 
of Perkin's reliction into piperic acid. 


/^1 

CH,< 

\ol^yOHO 

Piperonal. 


.0, 

'0 JCH:CH.CHO 

Piper jn y lacrolcin. 


CH.X 

\0l tlH:CH,CH:CH.COOH 


^J?iperic acid. 

The complete structure of the alkaloid, piperine, is therefore 
represented by the following formula : 


J Ber., 1894,* 27, 2958. 
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CH, 


H„C/\CH, 


lUC<f 


CH 

O.CV^CH 




/ 


H ) . cl^ Jc . CIT : CH . CH : CH . CO 
cii 

'Piperino. 




Couine. Hemlock {conivm maculatum) contains the alkaloid conim 
CgHj^lSr, associated with smaller quantities of four other related 
substances, y-coiiiceiiie, CjjH,;,N, conhy’drine, CgH^-NO, the isomeric 
pseudoconhydrine, and jV-methyl coiiine, C^HiqN. It occurs in the 
plant in co^jibination with malic and caffeic acids. The largest quan- 
tity (about 1 per cent.) is present in the unrij^o fruit, fi*om which it 
may be obtained, along with the other bases present, by distillation 
with potash. It is a volatile oil with a penetrating .and unpleasant 
smell, and i^sl extremely poisonous. It is dextro-rotatory, [a 1„ == + 18-3°. 
Conine was discovered by Giesocko in 1827, but its composition was 
not accurately known until 1881, when Hofmaipi began his classical 
investigation, w'hich ultimately disclosed the true constitution of this 
interesting alkaloid. In 1885 he pronounced it to bo ar^propijl piperi- 
dim. The synthesis of the alkaloid— the first to be obtained artificially, 
was accomplished by Ladenburg in the year 18S6. * 

It would occupy too much space to do full justice to Hofmann’s 
researches, which are contained in six papeis published during the 
years 1881-5“; but it should bo remembered that the path of inquiry 
which lie pursued was then almost untrodden, and the obstacles which 
beset the pioneer in such an unknown region could only be surmounted 
by rare ingenuity and unfailing resource. 

The constitution of conine is mainly based upon the behaviour of 
the hydrochloride with heated zinc dust. Contrary to the usual effect 
of this reagent, hydrogen is removed and conine forms a new base, 
conyrim. 

Cglli^N ^ CgHiiN+6H 

This compound yields picolinic acid on oxidation, and consequently 
contains a propyl or isopropyl side-chain in the a-position. The 
choice between propyl and isopropyl pyridine is fixed by a comparison 


^ Ber.^ 1886, 19, 439, 2578. Annalcn, 1888, 247, 1 ? 1894, 270, 34^. 

* Ber.j 1881, 14, ^05 ; 1882, 15, 2313 ; 1883, 16, 658 ; 1884 17,826, 1885, 18^ 
6. 109. ‘ ' 
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with the artificially prepared compounds and by the products of 
oxidation and reduction of conine itself. 

Strong hydriodib acid converts conine into ammonia and normal 
octane, whichT could only occur if the side-chain formed a normal 


linkage. 

• CHa 

Hgd ;0H.CIl2.CHa.CH3 

NH 

n rropyl^)ipei*idiiio. 


CH, 

+ Wla 

II3CI JHjj.CIIii.CIIii.CIIs 


n-Oct;ine. 


The oxidation products of the urethane and benzoyl derivatives of 
conine obtained by Schotten and also by Baum ^ which correspond to 
those of piperidine (j). 29o) also indicate the presence of a normal 
propyl group, whilst by the use of hydrogen peroxide, Wol ffen stein ^ 
obtained among other products amino-w-i>ropyl valeric aldehyde. 


cih 

H 3 C 1 ' NcHj 

' ond . CH . CsHt 

Nil, 

y. ^ 

The evidence adduced by the process of exhaustive niethylation 
points in the same direction, for on distilling the methyl hydroxide 
of dime thy leonine, which is prepared like the corresponding com- 
pound of piperidine, it decomposes into a hydrocarbon conylene^ 
ti'imethylamine, and water. 


CHg 

ciij 


H3C . CHjj . OII2 . CHa 

ITO.N 


H 3 C Cllg CHs 
CH, 

HCri^CH 

I li +N(CH3)3 + H30 

H,0 CH.OHjj.CH^.CHa 

Conylene. 


^ I?«r. 18S2, 15, 1947 ; 10, 503. 

» Uer.i 1‘305. 28 1400 ; 1904, 37, 3223. 
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The substances descnbed as conicetneSf of which Hofmann prepared 
five isomers, are intermediate reduction' products between conyrine 
and conine, and have the formula OgHigN. y-Conicelne, >Vhich is 
found in crude conine, can be prepared by the actioii of alkalis on 
chloro- or Vromo-conine, and, since it is inactive, probably has 
the formula: 


CH^ 

«> 

» ' KII 

7-Goniceiue4 


Synthesis of Conine. We have now to follow the steps by which 
Ladenburg* with admirable perseverance succeeded in building up 
the artificial compound. The attempt to obtain a propyl pyridine by 
heating the propyl iodide compound of pyridine (Part 11, p. 369) failed, 
because in the process an intramolecular change occurs, the normal 
propyl passing into the isopropyl group. The second method met 
with greater success. It was based up,on an observation of Jacobsen 
and Reimer,^ wlio found that when heated together quinaldiqe con- 
denses with aldehydes and ketones to form alkylidene quinaldines. 
With benzaldehyde, benzylideiie quinaldihe is formed*. * 




\X\/ 

N 

Quiiialdine. 


CHa + OCH.CoHs = 


On:CH.CoH5 + HaO 


N 

Bcnzylidone quinaldine. 


If tt-picoline is substituted for the base and acetaldehyde or par- 
aldehyde for benzaldehyde, and the two heated to 250*^, then a small 
yield of a-allylpyridine is obtained. 




^CHa+OCH.CHa* 

N 


N 


)OH:CH.CH3 + H.O 


Allyl pyridine is reduced in alcoholic solution by sodium and 
converted into a-propyl piperidine. 
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HCy \0H ' 

ndv ^ .m : OH . C1I3 

. N 

« . * . . 

The compound is nearly identical with the natural alkaloid ; in one 

important property only is it lacking. The natural compound is 
dextrogyrate, whereas the artificial product is inactive. It is manifest 
that in propyl 2 )iperidine tlie ^carbon atom of the nucleus to which 
the side-chain is attached is asymmetric (Part II). The a'tificial 
compound is probably the rapemie form and capable of separation 
into two active constituents. This was the view taken by Ladenburg, 
and after many trials he succeeded in separating the dextro- and 
laevo-components by utilizing the different solubilities of the bi- 
tartrates. The dextro-))asG separated in this way has a. higher 
rotation than the natuml one, and is regarded as isoconine (Part II), 
but on heating gives the normal i-otation, and provds in every 
respect identical with natural conine.^ ^ 

A few years later Ladenburg’s results were confirmed by a second 
syntlie^is by Engler and Bauer.® By distilling molecular equivalents 
of the calcium salts of propionic and picolinic acids, they obtained 
a-^thyl pyrid}^ ketone, whach on reduction is converted successively 
into a-othyl piperidyl alkamine and inactive a-x)ropyl piperidine. 

N 

a-Pl*opyl 
piporidiuG. 


"n 

a-Ethyl pyridyl 
ketone. 


I 

N 


11(011). C3H5 


a-Etliyl piperidyl 
ulkiimiiie. 


llgcl ^Icil . CHo . CH 2 . OH 3 
EH 


THE PYBROLIDINE ALKALOIDS 

Hygrine was found by Liebermann ^ in 1889 among the alkaloids 
*of coca, in which it is present in minute quantities. It is a liquid, 
b.p. 193-195°, and is laevo-rotatory. It is a tertiary base containing 
a N-methj^ group, and is a^ ketone, since it forms an oxime. On 
oxidation it yields a monobasic acid, liygyic acid^ C^II^yN . COOH ; 

^ 1 Per., 1906, 39, 2486 

2 i*r.. J[891, 24, 2530 i 189^, 27, 1776. 
s Per., 1891, 24,«407 ; 1895, 28, 578. 
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which on dry distillation decomposes into CO 2 and N-methyl pyrro- 
lidine. > Hygric acid must thei*efore have the structure, 

CH2 

HoO >CH . COOH 

NCH3 

Ilygric acid. 

the pos^ition of the carho'iyl group being determined by its easy 
removal on heating. The acid lurs since been synthesised by 
Willstatter and Ettlinger * by the action of mothylamino on 
a 8 -dibromopropylmalonic ester. 

CIT^Br. CH.,. OH,. CBr(COOC 2 H 5)2 

As hygiine dillers from hygric acid by the group CgH^-P in place 
of carboxyl, and as this group contains a ketone group, the side- 
chain may bo 011 3 . CHg . CO or Cllg. CO . CH,. Prom the fact that 
tropinone ^'p. 307) contains the second of the alternative arrange- 
ments, it is x>i*obablG that the same group is present in hygrinc, 
which will therefore have the formulc^ ; 

im CH, 

Iixl /.CH 



Stachydriue. Another of the simple pyrrolidine alkaloids is 
sUichydrino, C;Hi 3 NO, 11 , 0 , which is found in the root-nodules of 
stachys tiihifera, and in some other plants. It was discovered by 
V. Plfinta and Schulze in 1803, who pointed out that it was probably 
a betaine, from its strong resemblance to trigonelline (p. 271). It 
crystallizes in colourless, deliquescent crystals. On destructive 
distillation the vapours give the reaction for pyrrole. It contains 
a carboxyl group, and when heated with concentrated potassium 
hydroxide evolves dimethylamine. Prom these facts Sihultze and 
Trier ^ suggested that the structure was that of a dimethyl betaine 
of tt-proline, * 

1 Annaterf, 1908 , 320 , 91 . 
s ZeiU physiol, Chetn.^ 1909 ,« 50 , 233 . 
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HoC ,CH„ 

JcH.CO 

N 6 

/\ 

gfi, CH3 

Stfichydrine. 

In the' same year they confirmed . their view by effecting its 
synthesis* from hygric acid (see above).' The ester of tb,is a*cid 
combines with methyl iodide to form a quaternary iodide ; the 
iodine was then replaced by the action of silver oxide ai;d gave 
stachydiriiie. ^ 

Nicotine is the alkaloid of tobacco leaves, and, like conine, it is 
associated with smaller quantities of at least three other, i^robably 
similarly constructed, substances. The alkaloid is found in the 
plant in combination with malic and citric acid, and the quantity 
varies between 0*6-8 per cent., the average being about 4 per cent., 
good leaves containing loss than inferior specimens. It is an oil, 
which boils at 247°, and is a powerful poison, oven in the form of 
vapour. It is laevogyrate. Ij; was originally discovered by Posselt 
and Eli^imann in 18^8, but its true formula (C,qIIi 4 N 2 ) was first 
ascertained by Melsens. Nicotine has been the subject of prolonged 
and careful stiidy, chiefly by Blau and Pinner, and later by Pictet, 
who, in 1904, in conjunction with Rotschy, succeeded in preparing 
it artificially, thereby confirming the structural formula arrived at 
by Pinner’s researches. We propose to follow the principal steps 
which have led to the knowledge of the structure and ultimately to 
the synthesis of nicotine, omitting those reactions which have a less 
important bearing on the problem before us. 

Nicotine is a di-acid and also a bi-tertiary base, for it unites with 
two molecules of alkyl iodide, and likewise forms two different 
quaternary compounds containing one molecule of methyl iodide. 
Of the latter, one is obtained by the action of methyl iodide on the 
hydriodide of the base. When transformed into the quaternary 
hydroxide and oxidised, Pictet and Genequand obtained trigonelline 
Jp. 271), from which it follows thid i)yridine is of the two the weaker 
basic groui). The stronger oxidising agents convert nicotine into 
nicotinic a*id, that is, )8-pyriSine carboxylic acid. Milder oxidising 
agents like silver oxide or potassium ferricyanide yield nicotyrine 
CioIIio^ 2 » wliflst hydrogen peroxide gives a substance C,„HuN,0 
of unknovfa constitution which is iianjed oxy nicotine. Thus far, 
we may conclude that* ope bade ^rou^ is pyridinet and that it is 
> Ber., 1 « 09 , ^ 2 , * 1061 . 
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linko.d in the /^-position to the second basic group. The nature of 
this second group is mainly derived from Pinner’s researches on the 
' bromination of nicotine, which will now be considered. At c^rdinary 
temperatures nicotine gives a perbromide, CioHuBr^K^O, from which 
water or ammonia easily removes three of the bromine atoms (one as 
hydrogen bromide), forming dibromocotmine OioHioErgHgO. By the 
action of bromine at 100° the hydrobroinide of dihromoticonine 
CioHjjBraNgOa is formed. Both compounds are decomposed by 
bases ; ^ the first breaks up Lito methylamine, oxalic acid, and the 
base C7II7NO, which is probably ^-meUiyl pyridyl ketone, the second 
forms methylamine, malon’c* and nicotinic acids. Tliese facts afford 
valuable information. The second ba^ic group contains oks carbon 
atom as metliyh united to a nitrogen atom. The simultaneous 
appearance of malonic and nicotinic acid among the fragments of 
bromoticoliine imply a )8-pyridine side-chain of four carbon atoms, 
and hence will pos'^oss a skeleton structure of the following character : 


cv^,c. 


N 


c.c.c.c. 


Seeing that nicotine is a biter tiary base, Pinner concluded that 
the atoms of the second basic group were fused into a methyl 
pyrrolidine nucleus thus : 



Nicotine. 


Nicotine therefore represents a ^-pyridyl-a-JY-methylpyrrolidine. 
Let us examine imtlib light of this formula the behaviour of nicotine 
on bromination. According to Pinner, dibromocotinine and dibro- 
moticonine are probably represented by the following formulae ; 


H3C 


CIIBi 

OC| 

ClIBr 

r^-Bi-C 

N 

CO 

rv®'^ 

N • 

C(? 


V/ I 1 ^ 

N , CII3-, N CH, ' 

Dibromocotinine. ' J)il)romoticonine. 
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The action of bases on these two substances would be to refdace 
bromine by hydj’oxyl. This- would be followed by a rupturp of the 
pyrrolidine nucleussand the formation of i>yridyl methyl ketone and • 
oxalic acid in tiie first case and of nicotinic and malonic acid in the 
second. 

The other properties of nicotine are also easily explained.^ Nico- 
tyrine, which contains 4 hydrogen atoms less than nicotine, will 
probably fie represented by the following formula : 

HCn 

N . CJI, 


N 

Nicotyrino. 

whilst hexahydronicotine, which is obtained by the reduction of 
nicotine with sodium in alcohol solution, will correspond to the 
piperidine derivative. The production of the octohydronicotine, 
which is also formed on reduction, can only be explained by the 
rupture of the pyrrolidine ijiucleus. This is confirmed by the 
followijig fact. The' additive compound of nicotine with benzoyl- 
chloride is converted by sodium alcoholate into mctanicotinc, a base 
isemeric with « nicotine which on reduction gives octohydronicotine. 
The explanation is denoted by the following formulae : 


HgC 

/\-CHCl 


PE 

/ 

N 


\/ 

N CcH,CO 

Benzoyl chloride additive coini^ound. 


CH, 


HCr 

pH, 

OH, 


p-CH' 

Jcii, 



4 

Nil 

CH, 



1 

N 


CII, 


Metanicotino. 


cn, 

V 


,CII, 

H, 


NHCH, 


Octohydronicotine. 


Synthesis of Nicotine. The merit of this achievement belongs 
to Pictet, Cr^pieux, and Rotschy.^ The steps in the discovery are 


' Ben, 1895, 28, 190A ; 1C04, 87, 1225. 
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briefly as follows : Pictet and Cr6pieux obtained JV-^-pyridyl pyr- 
role by I the distilHition of jS-aminopyridine mucate, a reaction which 
''corresponds exactly to the formation of pyrrolo from ammonium 
mucate. ' 

CHOH . CHOH . COONH4 CH=CHv 

I = , >NII + NH3+4H,0 + 200„ 

CHOU . CHOH . COONH4 CH=CH/ 

Accdrding to an observation of Ciamician the JV^alkyl derivatives 
of pyrrole like those of pyridine undergo molecular change on heating 
by the shifting of the radical from the nitrogen to the a-carl^on. Sy 
passing the vapour of A-pyridylpyrrule through a red-hot tube it 
isomerises to a/?-pyridyli»yiTole. 



iV^-i3-Pyridylpyrrole. ai8-Pyridyl;^yrrole. 

By the action of methyl iodide on the potassium salt of the latter 
a^-pyridyl--Y-methyli)yrrole methiodide is formed, which is identical 
with nicotyrine methiodide. 


HC- CII 



M i cotyi’ine mctli iod ide. 


As nicotine contains four atoms of hydrogen more than nicotyrine, 
which may be regarded as its first oxidation product, the next 
jiroblem was to reduce nicotyrine. This cannot be etfected directly ; 
but by the action of iodine and cau&Hc soda on nicotyrine from 
natural nicotine a crystalline iodine sub.stitution product is obtained 
(I), which can be reduced with zinc and hydrochloric acid to dihydro- 
nicotyrine (II). The last two hydrogen atoms can be ini. oduced by 
the reduction of the perbromide of dihydronicutyrine (HI). 
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Iodide o^Nicotyrine. Dihydronicotyrine. Dihydvonicotyrino 

^ * perbromide. 

The new base appeared to be identical ^ith inactive nicotine. The 
final problem was how to isolate the ar|ificial nicotyrine fe'om its 
methiod^de. After several unsuccessful trials this was eventually 
accomplished lay distilling it “with lime at as low* a temperature as 
possible. Inactive nicotine was then prepared from the product in 
the manner described above and resolved like inactive oonine into 
its active components by crystallizing the^ tartrates. A comparison 
of synthetic Z-nicotine with the natural alkaloid showed complete 
identity. The ditferencfi in the physiological action between the 
d- and Z-nicotines is remarkable and has been referred to already in 
Part II, p. 182 . 

• 

Atrqpiue. Some df the Solanaceae deadly night-shade or bella- 
donna (atropa belladonna), henbaine (hijoscpamits niffer), thorn-apple 
(dcilum stramofiium) and ah Australian plant, duhoisia myoporoides 
— contsiin several alkaloids which are closely related in chemical and 
physiological properties. Four of these, atropine, hyoscyamine, 
if/diyoscyamine and hyos(^ne are isomeric, and have tha formula 
^171^23^^3 • others, belladonine, apoatropine CiylljiNO^ and 

scopolamine C17H21NO4, are little known. Ttjp most important are 
atroj)ine and hyoscyamine, which are present in all the plants named 
and in all parts of the plant, though the total quantity is small and 
rarely exceeds one-half per cent. 

Atropine and hyoscyamine, to which we shall confine our attention, 
are usually extracted from the root of the deadly night-shade with 
alcohol, from which, after precipitating the colouring matter and 
removing the .alcohol by distillation^ the bases are set free with 
jpotassium hydroxide and extracted with chloroform. 

It may be stsited at once that hyoscy.amine is the laevo modification 
of atropine which represents 1ihe inactive racemic form, so that in the 
description of the general chemical properties and structure both 
compounds are* included. 

Atropine^ IS a crystalfine compound '^hich partly sublimes on 

heating. It is extremely poisonoifs add is optically inactive. It 

• * > 

PT. ITT r . 
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acts as a mydriatic, that is, it causes dilation of the pupil and is 
univei*si;lly used in the examination and*treatnient of diseases of the 
eye. Atropine was discovered in 1831 almost simultaneoysly by 
Mein and by Geiger and Hesse. In 1863 Kraut, and a year later 
Lossen, succeeded in hydrolysing the substance with alkali or acid 
into a base, trophic, and an acid, tropic acid, 

CnHaaNOa + H^O - CJIi^NO + 

Atropine. Tropiiie. Tropic acid. 

Some years later, Ladouburg effected a partial synthesis of the 
alkaloid by heating tropiup tropate, C^HigNO. CgHjoOa, with dilute 
hydrochloric acid on the water-bath. A molecule of water is ore- 
moved and atroiv*!© regenerated. Tiio same reaction was repeated 
with other organic salts and a series of compounds called tropcims 
wore prepared, many of them possessing a mydriatic action. One of 
these compounds, homatropmCj the troi^elne of mandolic acid, has 
been introduced Into ophthalmic practice. It acts as promptly 
though not as energetically as atropine, btit its effects subside more 
rapidly. 

Tropine. We will consider first the properties and structure of 
the Ijase, tropine, and then direct our attention to those of tropic acid. 
Our knowledge is chiefly due to the labours of Ladenburg and 
Merling and to the later researches of Willstatter^ and afford a 
brilliant example of close deduction and skilful experimentation 
extending over many years. Tropine is a colourless, crystalline 
and hygroscopic substance. It is a tertiary base which on distillation 
with soda-lime affords a variety of produces, among which methyl- 
amine has been ideiitifiod. The nitrogen atom is therefore linked to 
a methyl group. At the same time a hydrocarbon, tropilidene, C7HJ,, is 
formed. The latter has likewise been obtained by the process of * ex- 
haustive methylatioii The reaction described under piperidine, by 
which the comx)ouiid is broken up into trimetliylamine and i^iperylene, 
can be applied with a similar result to tropine. Tropine methiodide 
when converted into the methylhydroxide and distilled 3delds the 
new base a-methyltropine, Cglli^NO. By a repetition of the process 
the methylhydroxide of this ^base is obtained, which decomposes on 
distillation into trimethylamino, tropilidene, and water. The ni> 
chanism of this reaction will be refer»*ed to later (p. 310). 

C7nnON(CH3)aOII = C^Hs + N(CII:,)3 + 211 
o-Mothyltropine methyl- Tropilidene. r. 

hydroxide. ** 

A more interesting compound is tropidine, which was 
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obtained i)y Ladenburg by heating tropine with hydrochloric acid at 
180®, with dilute sulphuric^cid at 220", or with potassium Hydroxide, 
whereby a molecplo of water is removed, 

• * CsIIiaN + HjO . 

Tropine. Tropidine. • 

It is also formed by the action of hydriodic acid and phosphorus 
at 140®. , It is an unsaturated compound uniting with one molecule 
of hydrogen, the halides and halide actds. The above facts poinjb to 
the existence of a hydroxyl group in tuopine. That the group is 
present in the form of a secondary alcoJtoly is shown by tho oxidation 
o| tropine to the ketone tropinone Reduction of tropinone 

does nol, hov^ver, regGnerate*tropine, but the stereoisomer, il/4rqpiney 
which is identical with a product obtained from an alkaloid associated 
with cocaine. Protracted oxidation with chromic aqjd converts 
tropinone into tho dibasic trqpinic aculy C(jHnN(COOH)a, which is 
also obtained by the action of permanganate on tropidine. ^Further- 
more, the ketone groujfot tropinone is situated between tw^a methylene 
groups ; for the reactions of the complex, CH 2 . CO . charac- 

teristic, and are consistent with the behaviour of tropinone.* For 
example, tropinone undergoes condensation with two molecules of 
benzaldehyde, forming a dibenzylidene compound; with two mole- 
cules of oxalic ester in presence of sodium ethoxide, giving trophione- 
dwxalic ester :• 

CH.CO.COOR 

coocjr, y ! 

C^UisRO + 2 " ^ = CgllyR/ CO + 2 C 2 H 5 OTI 

COOG Jfe \ I 

CH.CO.COOR 

with amyl nitrite in presence of acetic and hydrochloric acid, yielding 
diisonitrosotropinone. Finally, tropinone combines with two mole- 
cules of diazobenzene. 

The existence of a pyridine, or more accurately piperidine, nucleus 
in tropine has been demonstrated by Ladenburg® in various ways. 
Ho heated tropidine hydrobromide with bromine to 170-180® and 
obtained a-mclliyl dibromopyridinCy and also by using an e:ff^ess of 
bromine, Hofmann’s dibromopyridim.^ Further, he found that tropi- 
•dine on reduction is converted into hydrotropidine, CsHiqN, which 
breaks up when heated in ^ current of hydrogen chloride into 
norhydrotropidine and methyl chloride. When distilled over zinc 
dust, the latte^* loses hydrogen and yields a-elhyl pyridine. Let us 
• 

I Willstiltfor, Ber.. 1897, 90, 2679. 

> Anmen, 1883. 217! UiT 

• • • X 2 
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now review the evidences of structure which the above facts afford. 
The foiniula for tropine, OgHjsNO, inc^iudes a tertiary ^-methyl 
pyridine nucleus, CHgNCs, group, CHg . OH(OH) . CHg. '‘With- 

out discussing the..views of Ladenburg and Merlirig, wMch rested on 
the incomplete knowledge of earlier researches, we will pass at once 
to the corsideration of Willstatter’s forrqula, which is the result not 
only of a more extended inquiry into the products of disintegration 
of tropine, but of the more convincing evidence afforded by its sub- 
sequent synthesis : ^ 

CH2— cii — cm 

•I I 

N.CH3CH..OII 
i 1 1 

^ CII2-CH — CH2 

Tropine. 


According to this formula, tropine not only contains a hydroxy- 
jY-meth^dpiperidine, but aLo a pyrrolidine nucleus, as well as a carbon 
ring of seven atoms. Have we any evidence of the presence of these 
two nuclei ? It seems not imi>robable that tropinic acid, the product 
, of oxidation of tropidine. is represented by the formula below, which 
is that of a pyrrolidine derivative : 


CHa --CTI — CII2 

l^.CHaCII 

I 

CH2 CII — CII 
Tropidine. 


CH2- CTi-— CII2 
N.CIIaCOOH 
CHg-^CH — COOH 

Tropinic acid. 


For by Hofmann’s method of exhaustive methyl ation applied to tro- 
pinic acid, by which nitrogen is removed as trimethylamine, a diole- 
finic dibasic acid, CgIlL(COOH)2, results, which on reduction yields 
normal pimelic acid, and has undoubtedly the following structure : 


CII^CH-CHa 

I 

COOH 

CH=CH-COOH 


The t^^ycloheptane ring is probably represented by tropilidine, 
C7H8J which is obtained by the exhaustive methylation of tropine 
and tropidine (p. 806 ). 

CH— CH=CH 

IS 

CII2 

CH— CII=CH . 

, Tropilidene. 

The fact that tropilidene ^ gives bpnzaldehyde on oxidation, and 
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forms a dibromide which, when heated, decomposes into hydro- 
bromic acid and benzyl brofnide, led Merling to regard tropHidene as 
a benzone derivative ; but the conversion of a sev^n-ring into a six- 
ring complex*is not by any means uncommon, aijd may very well 
occur in the present instance. \ 

The formation of norl^drotropidine and its conversion into 
it-efilylpyridiiie is very simply represented by means of the folio wing 
formulae* : • 

H^C -OH -CHa OHa— C=OH 

NH OH, r CH 

I ' * ^ II II ' 

PaC-OH— on* OH3 OH— OH 

Norliydrotropidine.* ^ a-Efchylpyr^dine. 

In this way the various phases in the resolution of the trox>ine 
molecule have been satisfactorily explained. * 

Synthesis of Tropine.^ The starting-ipoint in the synthesis of 
tropine is suberone, a cycloheptanone which was originally obtained 
by the distillation of the*calciuni salt of suberic acid. This is con- 
verted successively into the alcohol and into the iodide. By the 
removal of hydrogen iodide with alcoholic potash from the latter, 
cycloheptene is obtained. 

CHa-CIIa -CO OHa -^Olla-CH 

CII2 CII 

CII2 -OII2 -CHa CHa- -CHa-CHa 

Suberone. Cycloheptene. 

Another method for obtaining cycloheptene is to reduce suberone- 
oximo to suberylamine and ax)ply the method of exhaustive me- 
thylation. The introduction of a second (fouble linkage into the 
nucleus is attended with greater difficulty, and can only be accom- 
plished by an indirect method. Cyclolieptene dibromide is acted 
upon with dimethylamine, whereby an unsaturated base, A®-di- 
methylamine cycloheptene, is produced. 

CHa— CHa— CHBr 

CHBr + 2NH(CH3), 

I 

CHa- CHa- OH* 

CHa^-OH,^-CH . ^(CHa)* • HBr 

I 

CH 

CHa-CHa— OH 

‘ Willsyitter, ^nnoJen, l5oi, 317, 204. 


+ NH(CH3)a.HBr 
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I 

The latter is converted into the quaternary ammonium iodide and 
hydroxidfe, and then distilled, when it breViks up into trimethylamine, 
cycloheptadiene, arid water. • * 


CIJa- r ^(0113)301! 

f I 

CH 

II 

CHa— CHa-CH 


CIIa-CH^-GH. 

I 

CH + N(OH3)3 + HaO 

II * 
OHa— OHa-CH 


Cycloheptadiene contain;; a conjugated system of doubj^e bonds 
(Part I, p. 132), and with one molecule of bromine forms a di- 
bromide,* from which cyclohbptatriene can be obtained in two ways 

f * ^ . 

. CHa-CIIBr— CH 

I II 

. I 9^^ 

GIIa-CHa (JlIBr 


Dimethylamlne combines to form a di-acid base which, by ezs 
haustive m^thylation, gives cycloheptatriene as follows : 


N(CH3)30H 

I 

CHa- CH— CHa CH =.CH-CH 

CH * on + 2N{CH3)3 + 2 Hj6 

CHj— GHj— CII. N(CHs);jOH CHj— CH=CII 

Or hydrogen bromide may be directly eliminated by boiling with 
quinoline. ^ 

CHa— CHBr- CH CH— CH— CH 

CH CH 

CHa— CHa CHBr OHa— CH=CH 

4 

The qycloheptatriene obtained in this way is identical in every 
respect with Ladenburg’s tropili^ene (p. 306). 

The next step in the synthesis- consists in the conversion of * 
tropilidene into tropidine. Cycloheptatriene forms a monohydro- 
bromide with hydrogen bromide in the \jold, and the hy(7x*obromide 
reacts with dimethylamine, giving a product which is identical with 
a-methyltropidine, obtained by distilling tropidine methyl ^nimonium 
hydroxide. This is converted into A*-dimethylaminocyd'oheptene 
on reduction. 
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N(CH3) NfCHa)* 

CHj-i-CH— CH CH,— OH— on, 

OH + 11 , = CH, 

CH2-CH=CH- CHij— OH=cft 

a-MtstJiyUropidiue. A^-Dimethylamiiiooyclohcptene. 

A‘*-Dimethylaminocyclolieptene udI^s with a molecule of bromine 
in the cdld, which, on warming, rapidly isomerises to bromotropane- 
methylammonium bromide.’* ^ 

• N(cn3)3 

I 

CH3- on CH3 CH2-CH CH3 

CH3 _* BiN(CH3)3iH3 

I ^ • I . 

CII3 - Cl I Bi - ClIBr CII2— on OHBr 

Potassium hydroxide readily removes hydrobromic ac^d from the 
latter and converts it into tropidine methylammonium bromide. • 
From the correspoii^ling chloride, methyl chloride may be removed 
and ti'opidine itself obtained by distillation. 


CII3— CU OH* 


CH,- 

-CH- 

-CH, 

1 ^ 

C1N(CH3)3CII . 



N{CH3) on 

1 II 

1 II 

CHj— CH OH 


CHj- 

-6II- 

II 

-CH 


Tropidine methyl chloride. Tropidine. 

The conversion of tropidine into ^-tropine was effected by 

Willstatter * in the following way : Tropidine was combined with 
hydrogen bromide and heated with sulidiuric acid in a closed 
tube to 200°. 

CII.-CH — CHj CH„— ClS-^CH, 

II II. 

NCH3 OHBr NOIL OH . OH 

I ■ * I I 

Cn,-CH — on, OHj— OH— OHj 

Bromotropane. ^ ^-Tropine. 

• . * * . . 

The conversion of i/r-tropine into its stereoisomer trojiine was 
accomplished* by oxidising ^-tropine to tropinone and reducing the 

^ TrtJ^ane is the name given to the simply saturated bi-cylio complex. 

2 Bcr., 1900, 33, llfO.^ * 
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ketone with zinc dust and hydriodic acid. Ladenburg ^ has also 
transformed iropidino into troi^ine directl;^ by the action of hydrogen 
bromide. V • ' 

A more recent • and simpler synthesis by way of 'tropinone is 
described by *Robinson.* It consists in mixing succindialdehyde, 
methylamine and either the calcium salt, or ester of acetone dicarb- 
oxylic acid, when the following condensation occurs, 


CH,— OHO 

+ 

OH.,— CHO 


NH.,CIl3 1 


CHo— CH . OH 

.1' 

NCH3 + 
CHa^-CH.On 


CHaiCOjCa' 

CO 

'CHg. COgca' 


ClI,— CH CH . COaCa' 

. I I 

NCH, CO 

1 I • • , 

CHjj— CH CH . COjca' 


The latter on heating with acid gives tropinono, caibon dioxide 
being eliminated : # 


OH2— OH Oil . COpCa' OH.,— CH CII.> * 

irOHa 00 + 2 HG 1 = NOH3 CO + OaCl^ + 200 ^ 

OH,— CH— — CH . CO.ca' CHa— OK CHo 


Structure and Synthesis of Tropic Acid. It has already been 
stated thcat tropic acid is formed with tro])ine when atropine is 
hydrolysed. Kraut found that it gave benzoic acid on oxidation, 
and when fused with potassium hydroxide breaks up into phenyl- 
acetic and formic acids. When treated with phosphorus pentachloride, 
tropic acid exchanges two hydroxyl groups for chlorine, 

C9H10O3 + 2POI5 *= C9H3OCI2 + 2POCI3 + 2IIOI 
and when heated to 160 ° it loses a molecule Qf water and^forms the 
lactone trqpide, C9H3O2, which is convert^ into the isomeric atre^ 


* 1690, 23, 17^0, 25^25; 1902, 36, ,1159, 2295. 

* Trans, Ckem. Soc.j 1917, 111, 762.^ * 
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acid on boiling with baryta water. That atropig acid is {f benzene 
derivative with” one side-chain follows from the fact that it yields 
be nzoic acid on oxidation. Moreover, it is unsatuiflted, forming addi- 
tive compounds with one molecule of hydrogen brdmic]o or bromine. 
It is therefore closely related to cinnamic acid, with which it is in 
fact, isomeric, and is probably represented by the formula, * 


. O 






This structure has been confirmed by its synthesis by Ladenburg 
and Ku^heimer' in 1880. , * 

Ace’tox>hen8ne is convertev4 into the dichloride by the action of 
phosphorus pentachloride. When the dichloride is treated with an 
alcoholic solution of potassium cyanide, a double reactioi]^ occurs, one 
chlorine atom being replaced by cyanogen and the other by the 
ethoxyl group. 

/CH3 , 

. CCI2 . CII.J + KCN + C2II5OH = CJIsC^OCaHs + KOI + HCl 

\CN 


The product being a cyanide can be hydrolysed, and the resulting 
ethyl «a-phenyllactic acid, when heated with strong hydrochloric 
acid, loses a molecule of alcohol and yields atropic acid 


/C113 

C„H,.C^OC2Hs 

\COOH 


o«n, . + CjiTjOii 

\COOH 



Atropic acid is cleaHy the anhydride of tropic acid. By the 
addition of the elements of water the hydroxyl may attach itself to 
the end or middle carbon atom of the sidti-chain. Two isomers 
must therefore exist of the following formulae : 




coon 


CoH,.CIT<^ 


CHgOH 

coon 


An acid having the first of these formulae h«*is long been known 
under the name of atrolactinic acid. ^It was obtained originally by 
Fittig and Wurster by heating with sodium carbonate the hydrogen 
bromide additive compound of atropic acid. Later it was synthesized 
and its stivcture ascertained by Spiegel ‘S by the simple process of 
hydrolysing the cyanhydrin of acetophenone. 


OeHg.S^O.OHa 


CnH,.CC-OH. 


>CII 

C„H,.C^OH 


COOH 


1 JBer., 1880, 13, 373, 2041 ; see also«E. Milllor, Ber., 1918, 51, 252. 
“ Bcr., 1881, 14, 13j53. 
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Conseci^uently the second of the two formulae must be that of 
Jropic acid. This view has been fully Confirmed by its synthesis 
from atropic acid. ^ « • 

Atropic acid unites with hypochlorous acid, and^'th'e additive 
compound ou reduction forms tropic acid. 


C.H.- 


!OOH 


/OHgOH /CHoOH 

CoHs.CCl/ -> C,H,,.CH<; 

. \COOH ^COOH 


According to this formula, ^tropic acid contains an asymmetric 
carbon, and it has been resolved into its two enantiomorphs by 
crystallizing the quinine salV. ^ ; 

I * 

Structure of Atropine. Tl\e fact £hat the hydrolysis of atropine 
produces tropine which possesses alcoholic functions and an acid, 
tropic acid,* shows that the alkaloid itself must be an ester. This 
structure finds expression in the following formula: 


CII,-CH CH, , 

II I 

NCH3 CH . O . CO . CH 

61I2-CII CII2 , CH2OH 

Atropine * 


Hyoscy amine, according to the researphes of Gacjamer,’ is the 
ester of tropine and /-tropic acid ; Hesse and Ladenburg have shown 
that ajpoatroj^lne {atrojpaminc) is the tropelne of atropic acid, which 
undergoes isomerisation into hclladonine on heating, whilst, according 
to Liebermann, the coca alkaloid, tropacocaine'^ (seo below), is the 
bonzoic ester of i/r-tropine. All these substances must now be 
included in the list ol synthetic products. \j/-lIyoscyamine differs 
only from hyoscyamine in having a hydrogen atom in place of 
methyl attached to the nitrogen atom of the bridge.® 

Hyoscine {Scopolamine) is the tropyl ester of oscine {scopoUm) 
which has been synthesized by Hess and Merck. ^ 

Cocame. The leaves of crythroxylon coca contain a series of alka- 
loids, among which l-coca^/ne^ d’^ocoune, tropa-cocainCy cinnamyl-cocaUm^ 
a- and /S'truxilline and hygrme have been identified as distinct con- ' 
stituents. Z-Cocalne, the most abundant and physiologically the 
most valuable constituent (it acts as a lotal anaesthetic), was isolated 
by Niemann as far back as 1860, and its formula, CijH 2 iN 04 ^ was 
ascertained by Lossen. In recent years the study of the alkaloid 

V 

' Arch, d, Pharm., 1902, 239, 294. f Liqbermann, Ber., 1891, 24, 2336. 

® Carr and Reynold.s, Trans, Chem, (?oc., 1912, 101, 040. 

* B€r., 1919, 52, 1976;^Kiiig, Trans, Chem, Soc., 1919, 115, 476. 
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has been pursued with remarkable success by Einhorn, Liebermaiih; 
and Willstatter. Its close relationship to atropine lias been clemon- 
strated ill various ways, and its structure has been hjAaliy established 
by its synthetic* preparation. • 

Z-CocaYne, like atropine, is a crystalline, tei*tiary base, a^d also, like 
atropine, it is an ester whicl^* on hydrolysis with mineral sj,cids or 
baryta, breaks up into a new tertiary base, Jrccgonine, benzoic apid 
and methyl alcohol, according to the equation : 

C^Hgi^NO^ + 2HaO = C^HisNO^ + CJlg . COOH + CH 3 .OH 

Cocaine. Kcgtfnine. 

i ' , • 

By a r(?srersa^^of the procossj Z cocaTne has been reconstructed from 

Z-ecgonine.* The structure of cocaine^ therefore, depends upon that 
of ecgonine. The various cocaines, natural and artificial, are esters 
of ecgonine with different acids. In cinnainyl cocaine, ecgonine is 
combined with cinnamic acid, in truxilline. with truxillic acid, and 
so forth. , 

Einhorn * has shown that ecgonine, like tropine, loses water with 
dehydrating agents such as hydrochloric and sulphuric acid*, and the 
anliydrO’Ccgonine, O9H13NO2, so formed, when heated to 280 ° with 
hydrochloric acid, is cifnverted into tropidine. 

C9H13NO2 = C9II13N + CO2 
* ^nhydro-ecgomno. Tropidine. 

This fact contains the key to the problem. Anhydro-ecgonine is 
obviously tropidine carboxylic acid, whilst ecgonine itself is in all 
probability tropine carboxylic acid. The positions of the hydroxyl 
and carboxyl groups have still to be ascertained. Anhydro-ecgonine 
was reduced by Willstatter to the dihydro derivative or Uydroec- 
gonidine^ and the carboxyl was then replaced by the amino group, 
either by Hofmann’s method through the amide or by that of 
Curtius by way of the liydrazide, azide and urethane.® 

CHo- CII ClI . NIIo . 

I I ' 

NCHs CHj 

CHg— CII — Cftg , 

Isotropyhimine. 

The prodilSht was distidct from either of the geometrical isomeric 
tropylamines- bbtainedf from tropine and i/r-tropine, and was termed 

* Merck, 1885. 18, 2952 ; LiebermaDn, Ber.. 1SS8, 21, 3196 ; 1894, 27, 2051. 

® Ber., 1889, 22, 899 ; 189(K 23, 1338. . • ^ * 
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isotropylamine. It follows, therefore, that the carboxyl groui> does 
not occupy the position of the hydroxyl in tropirie. Furthermore, 
the hydroxyl gr mp in eegonine is not attached to the same carbon 
atom as the carboxyl, for tropinone cyan hydrin givefe oh hydrolysis 
a compound similar to, but distinct from, eegonine, which is there- 
fore na^ned a-eegonine, giving an a-m^thyl benzoyl ester known as 
a-cocal'ne. 

CHa— CH — CHg 

r I " 

" NCH3 C(OH).COOII 
Clla— CH CH2 

a-Ecgoiii’'e. 

This is also confirmed by the fact that eegonine on oxidation with 
chromic ticid gives a ketonic acid, which could only occur if the 
carboxyl and hydroxyl were attached to different carbon atoms. But 
there still remains a choice between the fi- and y-positions for the 
hydroxyl group. There are several facts which favour the /S-position, 
and theso are furnished by the products of oxidation. Eegonine, by 
careful oxidation with chromic acid, loses carbon dioxide and is con- 
verted into tropinone. More energetic oxid''tion produces tropinic 
acid (j). 808) and ecgoninic acid. The tropinic acid only diflers from 
the acid from tropine by being optically active (dextrogyrate), whilst 
the structure of ecgoninic acid is known from its synthesis by 
Willstatier and Hollander.^ 

CII2 -CH CPI2 

I I 
NCH3 CO 
I . I 

CII2- GH — Clla 

Tropinone. 

CII2— CO 

NCH3 COOH 

I I 

CH2-CH CHa 

, ^Ecgoninic acid. 

It is clear that the liydroxyl stands in the )S-position to the 
carboxyl group; but if any further doubt existed on the subject, 
it has been set at rest by the synthesis of r-eocal'ne from tropinone 
by Willstatter 

* Annalm, ICO-I, 326, 79. 

> Bar,, 1900. 33, 41 1 ; Av^alm, rl903, 326, 42. 


CH2— CH — COOH 
I 

NCH3 COOII 

' I 

CH2-CH — CH 

Tropinic acid. 
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Before referring to the synthesis, it may be of interest to point out 
that just as tropjne furnishes a cycloheptane riilg in the Vorm of 
tropilidene (p. 808)„so ecgonidine or, more strictly, Jiydroecgonidine * 
may be resolved into a cycloheptadiene carboxylic aj^id by exhaustive 
methylation and ultimately into suberone. The ethyl ester of 
hydroecgonidine is first converted into the nitrogen free acid, cyclo- 

heptfftliene carboxylic ester. 

• 

CH2— cH=oHv • ; 

• I >CH.COOH 

CH,— CH=r=CH/ 


The lattcft: is reduced to the saturated cycloheptane carboxylic acid. 
Bromine is then introduced in the a-position and replaced by hydroxyl. 
The hydroxy-acid, when submitted to oxidation with lead peroxide, 
yields suberone. 

av ‘ CHa-CHjj-Ollav 

>0(011) . cooir -* l__ >00 


OH, 


-CHa-CH, 


CHa~OH,-Cn, 

a-llydroxy-suberaiie carboxylic acid. 


CH, 


-OH 2 

Suberone, 


CH/ 


Synthesis of r-Coefaine. Tropinone sodium, when suspended in 
ether and treated with carbon dioxide, forms sodium tropinone- 
carboxylate, aiTd the latter* on reduction with sodium amalgam in 
faintly acid solution, is converted into r-eegonine and a second 
isomer. 


CIIjj— CH — CHUfa 
I I 

NCII 3 CO 

I ' 

CHa— CH CHa 

Tropinone sodium. 


CHg-OH — CH.COONa 


NCSI. CO 
! I I 
CHa— CH — CHa 

Sodium tropinone carboxylute. 


CHa— on OH . COONa 

I ! • 

NCII 3 CH OH 

I 1 

CHa— CH ePa 


r-Ecgoiiiiie. • 


Tlie r-eeg^nine differs^ in ojf/tical properties from the eegonine of 
the vegetable .alkaloid s for naturally it is inactive, and, as it contains 
four asymmetric carbon atoms, may represent several pairs of enantio- 
morphs. Apart from this, it closely resembles Z-eegonine, and, like 
it, may be Converted into the methyl benzoyl ester or V-cocafne. * 

1 See V. Braun bnd Muller, Bcr., 1918, 51, 235. 
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CHjs— CH CH . COOOH 3 

irCHa CH.OCOCbHs '■ 

VII ' ' 

CHj— OH CHa 

4 r-Oocajiio. 

The second isomeric ecgonine which* forms the greater portion of 
the reduction product is probably a i/r-tropine 0 -carboxylic acid ; for 
it contains no hj^droxyl grout) and resists the ordinary process of 
methylation.* * 

Of the substances which accompany cocaine in coca leaves, cin- 
nainyf cocaine contains (iiniiainyl in place of benzoyl ; a- and p- 
truxilline contain in the same way the radicals of a-’ and /Gf-truxillic 
acid or dicinnaniic acids. 

CgUs . CII- CH . coon CcH^ . CII -CII . COOII 

II II 

COOH . OH— CH . C;«Hg CcHs . CII— Oil . COOII 

a-Truxillic acid. , •/] Truxillic acid. 

Tropacocaine is the benzoic ester of i/^-tropine, whilst hygrine is 
probably the methyl ketone of N-molhyl a-methyl pyrrolidine, iis 
IlaC-CIIjj • H,C.--CH 2 

NCII 3 NCII 3 

IT 2 C— CH . CII 2 . CO . CHa H 2 C— CH . COOII 

ITygrine. Hygric acid. 

determined by Willstiitter’s synthesis of, hygric acid* and Hess’s 
synthesis of hygrine (j). 299),* 

Felletieriue, CsH^.-NO, occurs together with the isomeric iso- 
pelletieriiie,* t/r-pel letierine, OjjHigNO, and two isomeric methyl 
pelletierines, CgHi-KO, in the root bark of the pomegranate. They 
are separated by fractional crystallization of the sulphsites. The 
structure of i^-pelletjerine has bven most carefully investigated, and 
is specially interesting as giving rise to an 8 'carbon ring by exhaustive 
methy^ation (Part I, p. 186). It forms a methiodide and an oxime, 
and contains therefore a tertiSry nitrogen and a ketone group. It 
yields on reduction a secondary alcohol. N-methyl granatoline, which 
with hydriodic acid is transformed i^^ito the unsaturatrd N-methyl- 
grnnatenine. The resemblance between the ehemicak behaviour of 

* Willstatter and Bode, Anna^n, 1903, 326, 45. , 

* 1900, 33, IIGO. * Ber,, 1913, 46, 4104. 

* Hess and Eioiiel, Ber,y 191'/, **60, lrl92, 1386 ; 1919, 52. 964. 
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^-pelletieiine and that of tropinone, OijHigNO, suggests tiTat’fcho 
former is a higher homologae. That and its coilversion similar 
means into cyclo-Qctadiene WillstStter^ leaves jio doubt that ic^ 
structure is t» be represented by the formula, 

ClI— Oil CII2 

CBf., NCH, CO 

I ‘ I 'I 

Cllji— Cn-^OHa 

^i'-Pellctierine. • 

• 

^Euphthalmine and Eucaine. A \A'y interesting deA^Aopinent 
in synftietic* chemistry has ^iirisen out of the knowledge of the 
structure of atropine and cocaine. The di- and ti-l-acctonamines are 
compounds which are obtained by the action of ammonis^on acetone, 
and are represented by the following formulae : 

(CIl3),(^-— CIT2 . CO . Clla • (0113)20— CHa* 

NIIjj s * * NH (^0 

(CH 3 ) 2 C— Clla 

Diacet^namine. * Triacetonamiiio. 

Diacetonamine may be converted into triacetonamine by heating 
it .with acetone. Aldehydes unite in a similar fashion, acetaldehyde 
forming vinyldiacetonamine. 

(Oiy^C CII3 (CIl3),G CII3 

I I I 

NH 2 00 -P Clio . CH 3 = NH CO + HgO 

CH3 CHgiJlI- Cllg 

Diacetonamine. Vinyldiacetonamine. 


The ring complexes formed in this way liave a similar structure 
to tropinone. 

CH,— CH CIT2 (0113)^0 CH2 


I 

NCH3 CO 
I 

OH2— CH CII. 

Tropinone 


NH CO 

_(CH3),C CII3 

Triaceton;imine. 


This sin^larity is not limrfed to structure, for Harries ® has shown 
that the tria'cetonammes undergo reduction and form what are known 

t • 

* Ber., I'JO?, 40, 957. 

* Annaleny 1897, 296, 326 ; V. Coblentsf, J. ffot Chem, hid,, fS9S, 725 ; 1904, 93. 
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dL^triacetomlkamines corresponding in structure to tropine, and which, 
like tro^ine, form' tropelnes with acids. Thus the phenylglycolyl 
''ester of ^-methjd vinyldiacetonalkamine is used, as a substitute for 
atropine under t/ie name of eupMhalmine, and has a strong mya> 
riatic action. Similarly, Merling has combined the triacetonamines 
with hydrogen cyanide, and by hydrolysing the product obtained 
hydroxy-acids constituted like ecgonine. These substances, \Vhen 
converted into the benzoyl methyl esters, produce local ahaesthesis 


like cocaine, and are known as "eucaines. A variety of these products 
has been prepared. 


(CH3),q- 


NCH, 


-CHj8 

I /O.COCeHs 

f\'co. 


,OOHo 


(0113)30 OH3 

Eiicainc A. 


Eucalne A is derived' from triacetonamine, eucalne B is the 
benzoyl ester of vinyldiacetonalkamine. , 


THE ISOQUINOLINE ALKALOIDS 

The alkaloids of this grouj3 comprise harmine and JuirmalinCf the 
three opium alkaloids, narcotine, fiarc^ne, and the two 
alkaloids, hydrastim and herherine, which occur in the roots of golden 
seal (hydrastis canadensis) and others of less importance. Berberijae, 
it should be added, is one of the few alkaloids which is distributed 
among many different orders of plants, such as the common barberry 
(berheris vulgaris), from which it receives its name. 


Karmine and Harmaliue. These alkaloids occur together in 
seeds of peganum liarnucdaf a plant which grows on the steppes of 
S. Russia and India. They are colourless, crystalline substances 
which have the molecular formulae : 

Harmiue, Harmaline, CiaH^^ONg. 


^ The following table, which is taken from Pictet’s treatise on the Vegetable 
Alkaloids, gives some idea of the complex nature of opium. The list does not 
exhaust the number of constituents, which embraces more than twenty different 


icli as fats, resins, gumi^^ sugar, and protein matter. 

Per cent. Per cent. 

Morphine 

9.0 

Laudanino 

0.01 

Nai-cotine 

6.0 

Lanthopine 

'Protopfne 

0.006 

Papaverine 

0.8 

0.003 

Thebaine 

0.4 

Cocbiniinei 

Iritopine 

0.002^ 

Code'iiie 

0.3 

0.0016 

Narceine 

0.2 

Laudanosiiie 

0.0008 

Cryptopine 

0.08 

Meconiue 

0.3 

Pseuc[pmorphin 0 

O.02 

Lactic keid 

Meconic acid 
1.2 

4.0 
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They have been examined by O. Fischer and h^g co-worfcers,* who 
have published a series of papem on the subject dating from 1885, • 
and also by W. H! Perkin and Eobinson.^ ^ 

Their constitution has been determined frqm coi^idepitions which 
will nojv be briefly stated, llarmaline, which contains Ifwo hydrogen 
atones more than harmine,i gives the latter on oxidatioif| and is 
therefore »dihydroharmine. They are secondary mono-acid bases, 
forming salts with one equivalent of^cid. Both yield harminic acid, 
C 8 HcN 2 (OOj 4 H) 2 , on oxidation, a substance which forms a ];)lithalein 
with resorcinol and sulphuric acid, and, on further oxidation, iso- 
metonic acid. When harminic acid is Heated it loses successively 
one. and two cflrboxyl groups a’*d gives apoJmrminef CgHgNg. Further, 
harmaline yields m-nitroanisic acid with nitric acid, a reaction in 
which the basic portion is removed. The relation of b^rmine to 
apoharmine may therefore be represented as follows : 



Harmiiie. 


COJI. 

Harminic acid. 


«>■ 


lcH«Ng 


H(\ 

Apoharmine. 


Apoharmine is a colourless, crystalline compound which, like the 
pav<^nt substance, is a mono-acid, secondary base. 

As harmine condenses with aldehydes giving derivatives of the 
general formula Ci 2 Hj,ON 2 . CH : OHE, it probably contains an 
a-methyl group in a pyridine or pyrrole ring (p. 298), so that the 
structure of the basic constituent of the alkaloids, C(jHcN 2 , may be 
further resolved into 





.C,n5j{OH3)(N.NH) 

Apohariuyrine. 


that is, the methyl, methoxy derivative of the parent base, CgHeNg, 
termed apoliarmyrvne. The general properties and stability of this 
group indicate that it has a double cyclic nucleus, which may consist 
of a condensed 6- and 5-atom ring, of which the nitrogen atoms 
form part aidd are present in tthe same or distributed between the 
two nuclei. A carefuf consideration of various alternative formulae 

A ♦ 

1 Ber., 1885. 18, 405 ; 1889, 22, G37 ; 1897, 30, 2483 ; 1905, 38, 829 ; 1912, 45, 
1934. * A * • • 

» Trans. Chent. Soc., 1912, 101; 1.776., 

PT. Ill 
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have led Perkin and Kobinson to the conclusion that the following 
are the most probable formulae for harmine and hari^ialine/ 


y\ 


CK 


j n 

NH CHg 

^Uariiiino. 




n. 


x\_/\ 






!n 


KH CH, 


llarmalino. 


Perkin and Robinson have succeeded in eliminating the methoxy- 
group from harmine, and the resulting compound is termed harman. 

Harman was ol)tained some time ago by Hopkins and Cole^ by 
the oxidation of try])tophane, though It is not clear how the third 
ring structure is formed. 


j , CH{NH jeO^H 


Nil 

Tryptophane. 


i 



Harman. 


s 

Papaverine. The alkal(5id was discovered in 1848 by Merck in 
commercial narcotiiie, from which it was separated by crystallizing 
the hydrochloride, the former being les3 soluble. Merck gave it the 
formula C 20 H 21 NO 4 , which other observers have since confirmed. 


» Trans, dh^m. Soc , 1919, 116, 933. 
5* J. Physiol. Chem.y 1903, 20, 451. 
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The constitution of papaverine has been studied and completely 
elucidated by G. Goldschfniedt * in a series of brilliant researches 
which appeared .in the Monatshcft during the yc^ars 1883 to ISSS. 
From thd results of his investigations, of which V short abstract is 
given below, he 'assigned the following formula to thc^alkaloid : 



Papaverine is a tertiary base and optically inactive. It forms no 
acetyl derivative, and therefore contains no hydroxyl groups. With ^ 
concentrated hydriodic acid four molecules of meSayl iodide are 
eliminated, bxiA papmeroline, CJ 6 H 13 NO 4 , is produced. 

On* oxidation with permanganate under varying conditions 
a ^variety of j»roducts are^, formed, among which may be mentioned 
papaveraldine, CgoHiuNOr,, papaveric add^ CicHigNOy, and simpler* 
compounds derived from these by further oxidation, namely di- 
inethylprotocatechuic acid, metahemipinic acid, dimethoxy- 
isoquinoline carboxylic* acid, a-carbocinchomeronic acid, &c. On 
fusion with alkali, papaveraldine is decomposed into dimethoxy-iso- 
guinoUm and dimethylpwtocatechuic acid : * 



Dimethoxy-isoquinoline. Dimethylprotooatecliuic acid. 

• 

whilst papaverine on fusion with pot%^h yields dimethylhomocatechol 
and basic substances. • 

These reactions furnish the key to the structure of the alkaloid. 
By combiifing the forftiula^f dimethoxy-isoquinoline with that of 
dimethylhoiftocatechol, the formula of papaverine is obtained, plus 
two atoms of liydrogen. . 

• • •• • 

^ See various papers in Mona(8h,j 4, 6, 7» 8, 9, 10, 13, 17. 

* * 
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. .C,iH„N9, + C„IIjA Oa„HaxNO, + Ha 

Dimetlioxy' Dimethyl- l-'apaverine. c 

isoquinoijne. homocatechol. , « 

Goldschmie^t ai first, regarded the isoquinoline compound as 
a derivative of^ quinoline until he discovered his error in atten^pting 
to ascertain the positions of the two methoxyl groups in dimethoxy- 
isoquinoline by the oxidation of the additive compound with, benzyl- 
chloride. Instead of the expected derivative of anthranilic acid, he 
obtained an imide of dimethoxy-phthalic acid (metahemipinic acid). 


COOH 

/\/\ 

should »ive 


N 

Quinoline derivativo. 


N 

I 

C7H, 

Anthranilic acid derivative. 


/N/N 


Cl 


Isoquinoline derivative. 


should give 





CO 

Phthaliinide derivative. 


He confirmed this result by oxidising dimethoxy-isoquinoline. If 
the latter is a quinoline derivative it should yield quinolinic acid ; if, 
on the other hand, it is an isoquinoline compound it should form 
cinchomeroiiic acid. It^was the second reaction which occurred, the 
compound breaking up in two directions and forming hemipinic and 
cinchomeronic acid. 


(CHgO), 



OOc/\ 

HOOcl^N 


Hemipinic acid. 


*Ginchbmeronic acid. 


The hemipinic acid formed in this way is sc similar to one obtained 
by Wohler by tha oxidation i.qf ns^cotine that .their identify was at 
first assumed ; but closer examination .revealed a slight difference in 
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properties. Both hemipinic acids readily form atihydridei^ and there- 
fore contain t!he^ carboxyl groups in the ortho position. Ordinafy 
hemipinip %cid, which has been the object of ^ careful study by 
Wegscheider, has the formula, • • 

^ CII,0 

CIIaO/NcOOH 

JOOOH 

Homipinic acid. 

• Sih^ the hemipinic acid, which Goldschmiedt calls metahemipinic^ 
acid, giyes protocatechuic albid ot ^ fusion with .caustic potash, the 
only possible structure is : 

CHaO/'^COOH 

C^,0^ 'COOH 

m-Hemipinio acid. 

• 

To construct a satisfactory formula for the alkaloid, it is necessary* 
to explain the character df papaverine and the properties of its 
numa’ous decomposition products. 

Among the simpler products of oxidation we have still to account 
fSr dimethoxy-isoquinoline carboxylic acid and a-cinchomeronic acid* 
These are clearly related, since they both are derived from an isoquino- 
line complex. As the formula for a-carbocinchonieronic acid is 
known, that of dimethoxy-isoquinoline carboxylic acid follows ; 



Dimothoxy-isoquinoline carboxylic acid. 

• ^ 

for this is the only position which can be acsigned to the carboxyl 
group consistent with the existence of an isoquinoline group, the 
formation of metahemipinic acid* a^d the formula of carbocin- 
chomeronic acid. 

The fojgnula for papave^e, already referred to, supplies all the 
necessaiy demands «on tl»e part of the compounds derived from it. 
Papaveroline', which is produced by eliminating the methqxyl groups, 
ivill have the formula 1. Papaveraldine, the hrst product of oxida- 
tion, foriSs a hydrazone, and exhibits tlssTgeneralbehfLviour of a ketone, 
and consequently has fordiulsf 11. ^ 
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ch^o/VNi 

no N/ 


Cil,C,H3(0II)a 

CO.C«H3(OCH3)a 

II 

Papaverol’ino. 

Papavcraldine. * 


Papav^ric acid is a koton<£C dibasic acidj which, on fusioh with 
caustic potasli, forms protocatechuic aiJid, and therefore has the 
formula : . , ' * 

. HOOCj 
HOOO 'N 

•C0.0cH3(0CH3)a 
Papavoric acid. *• 


* The work' of Goldschmiedt on papaverine has prepared the way for 
the investigation of the other isoquinolino alkaloids which have been 
attacked by similar methods and with equally* successful results, 
and the correctness of his conclusions has been confirmed by the 
complete synthesis of papaverine by Pictet ‘and Gams ih 1909' bjr 
the series of steps which are represented briefly as follows : 


Vcrtarol 

CCll30),C«II, 

Acctoveratrone 

(CH30)aC,H3.C0.CH3 

Isoni tros( vace lo yeratrone 
(CHaO)* . CbHb . CO . OH ; NOII 

Am ino-acetoveratrone hydrochloride 
(CH30)aC6ll3 . 00 . CHa . NH3CI 


Vanillin 

(Cp30)(0H)C3H3 . OHO 
Methyl vanillin 



Dimcthoxy-mundelonitrilo 
(C1 Is0)3CcH3 . CHCOII) . ON 

HomoprotocaU'chuic acid 
(0H)a06H3.CH2.C00H 

'Ir 

Homoveratroyl chloride 
(0H3O)3C6ll3. OHa. 0001 


Homoveratrc^l-aminoacetoveratroiie 
(CIIsO) 3C3H3 . CO . Clla . NH . 00 . OH*. 03113(00113)3 

Homove rat l oy 1 - 1 ly droxy-homo Vo i-at ry lam i no 
(CH3O jaOells . CH(OH) . OH* . NH . CO . eH* . OoHsCOCH^f), 
^ a 

Papaverine ^ 

(GHsO)aC6H2 . OH : OH . N : 0 . CH3 . CcHaCOCHg), 


‘ Compe. rend., 1909, 149, ^10. Her., 1909, 42, 2948. 
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Landauosine is anothcj^' opium alkaloid closely related to papa- 
verine, and givin|f rise to similar degradation products. It has the 
formula C 21 927^^4 > therefore contains one carbon atom and six 
hydrogen atoms jnore than papaverine. Its consutution was deter- 
mined by Pictet and his co-workers' by the reduction* of papaverine 
moithochloride with tin and hydrochloric acid, and subsecjuently by 
synthesis carried out by a very similar series of reactions to*tlioso 
described above by condensing diojiioveratrylamine with homo- 
veratro^l chloride and then reducing tlfe paxmverine mcthOchloride 
to methyl tetrahydropajjaveHiie. ^ ^ 

Thfe^ubatance is therefore represented by the following formula : 

^ " OIL, 



• • Laudanosiuo. 

• 

The inactive alkaloid ,was resolved into its active components by 
crystallization of its quinic acid salts, and the dextrorotatory 
enantiomorph proved •to be identical in every respect with the 
natural base. 

• 

Ifarcotiue was isolated from oj>ium in 1817 by Robiqnet. The 
quantity, which varies considerably (O’ 7-5-9 per cent.), may bo 
extracted by simply shaking with ether. The molecular formula 
assigned by Matthiesson and Poster is C 22 ll 2 aN 07 . It is a mono- 
acid tertiary base and contains no hydroxyl, group, as it reacts 
neither with acetyl chloride nor acetic anhydride. It cont{|ins three 
methoxyl radicals which may be successively removed. As caustic 
potash decomposes narcotine at 220°,* liberating methylamine, di- 
methylamine, and triraethylamine, it may be assumed that the 
nitrogen 4n the couipoun^ is methylated. Narcotine undergoes 
simple dedbmposition iA three directions. It is hydrolysed by 
water at 14&°, dilute sulphuric, or baryta, and yields qpimic acid 
and hydrpeotarnine. ^ ^ 

1 5cr.,1900, 33 , 2346 ; 1909, 42, 1979. 



328 'the ISOQUINOLINE ALKALOIDS^ 

• C22H23N07 + H 2 O = ^10^10^, 

^ Opiailic acid. Hydrocotarnine. 

• « ' 
Seducing agen^ like zinc and hydrochloric acid brpak it up into 

meconine and hydrocotarnine, 

Cjarfi^NOT + 2H - CioIIioO* + CjAsNOa * 

Mecoi/ine. Hydrocotarnine. * 

' ^ € 
whilst oxidising agents affect the basic part of the molecule and 

produce opianic acid and cotarnine, ^ 

' C22H23NO7 + O + H2O = O10U10O5 + C.aH.sNO^ 

• t ■' Opianic acid. Ootnrnine. , , 

» f 

' We will begin by studying the basic, constituent of the molecule. 

• • 

Structure of Kydrocotarniue and Cotarnine. Cotarnine was 
first obtained by Wiihler in 1844 by oxidising narcotiiie with man- 
ganese dioxide and sulphuric acid, and he gave it the formula 

CiaHi^NOj, • ■ 

, which Matthie^en and Foster afterwards replaced by 

Roser has since shown that the salts of cotarnine contain thd basic 
group, CJ 2 H 13 NO 3 , united with the acid, and that the molecule of 
, water is constitutional. Cotarnine is a secondary base, and forms 
an oxime with hydroxylamine hydrochloride. When reduced with 
zinc and hydrochloric acid it is converted into hydrod^tarnine. 

One of the most interesting derivatives of dotarnine is apophyllenic 
acid, which is obtained by oxidation, and was so called by WOhler 
from the resemblance of* the ciystals to the mineral apophyllite. It 
is a monobasic acid of the formula O 8 H 7 NO 4 + HgO. According to 
Vongerichten, when heated with hydrochloric acid to 250°, it loses 
methyl chloride and forms cinchomeronic acid. 

C3H7NO4 ,+ HCl = + CH3CI 

Apophyllenic aoid. Cinchomeronic acid. 

§ 

Roser accomplished the reverse synthetic process by boiling cin- 
ch omeronic acid with me thy}' iodide, from w^hich he concluded that 
apophyllenic acid is the methylbetaYne of cinchomeronic acid, leaving 
undecided which of the two carboxyls takes part in the«anhydride" 
formation. ‘ * " 

(C 00 H)C 5 H 3 .NCH 3 , 

. .. CO — <!> 

Apophyllenic asid. • * 
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• • \ 

The explanation of the structure of cotarnine is .mainly due to the 
researches of Eoser.' By exhalistive methylation, a methiodide, 
of methylcotarnind is obtained, indicating therel^ the secondary 
nature of the fiase.^ The hydroxide bfeaks up pn dis^llaljon, yielding 
up its nitrogen as trimethylamine and forming cotarwm^^ a nitrogen- 
free compound with aldehyde? properties. • 

0 nH,iO 4 N(CIl 3 ) 3 l + Na 0 H = OuHioO^ + N(CH3)3 + Nal + HaO 

Gotacrnpne. 


Oii oxidation ^vith permanganate cotarnone is converted into the 
dibasic^cotormc acid, C8H602(p00H)2, wfilch Roser, for the reasons 
given below, "i-egards as haviijg one of the following alternative 
formulae : “ 

CHa— 0 

I or 

CHaOv^'COOH . 

Ootarnic acid. 

It forms an anhydride, loses one methyl group by ZeiseFs method, 
and, on being heated^ with hydriodic acid and phosphorus, is con- 
verted into gallic acid. Putting these facts together, the above 
relationships >yill be best interpreted by the following formulae : 


vQ^COOH 

^oi^^COOH 

OCH,‘ 


,CH:OH, 


'O'v^'OHO 

CH,0 

Cotarnone. 


CH2 

* OCIIj CH(OH) 

Cotarnine. 


Although cotarnine itself appears not to possess a pyridine nucleus, 
it is supposed that in its salts ring-formation occurs, and th£it the 
hydrochloride of cotarnine is represented by a formula, which is that 
of a derivative of isoquinoline : 



CQtarnine hydrochloride. 


1 156 ; 1889, 254, 334. 



;380 , THE ISOQUINOLINE ALKALOID3 

Any \ilonbt which might exist as to the structure of cotarnine 
has been remov^ed by Sal way’s S 5 mthesis of the b§se from my.visticin/ 

CII,< 


■^<cU 


ClIsO 

ilMyristicin. 

• 

Thifc was converted inth the corresponding phenjdpropionic acid, 
propioyamide, and etliylamjine. The* plieiiacetyl derivation of the 
base was then treated wiih phosphoric oxide in xylene * solution, 
when two isomers wore formed. • 


'H, 


. Olla . NH . CO . OH^ . CaHs 

VolJ. 


CHaO 


/ 


CHg 


o/"Nch, 


‘X/ 

oUsO 


■Ci 


a CH, 


!(0,H7):N 



The firet isomer was conveiied into the methochloiide and reduced. 
The product benzylhydrocotarniue on oxidation yielded cotarnine. 

CH* CH« 

<cJ. 


OHo 


X2 v^J-J-2 

/CH(C7H*)NCH3 

CH 30 

Bcuzylliydrocotariiino. 


OH, 


<1 


CII 3 O 

Coturniiio. 


The method may; bQ modified by starting from the formyl derivative 
of hompmyristicylamine, wdiich is readily converted into norcotarnine 
and with methyl iodide into cotarnine methiodide.*-^ 

OII2 /CHa.CH^ • 

(CH A)CoH2(OCH3K I ^ (CH^O.jCoHiOCHgK I 

CHO.NII • * VOH:N 

Formyl-homomyristicylamine. » Noi'6otarnine.« 


* Trci^s, Cliem. Soc.,J 910, 07, 1208. 

* Decker and Beckol*, Anhaleti, 1913, 39d, 328. 
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According to Dobbio, Lauder, and Tinkler, who have studied* its 
absorption siDectriim, cotarnine ex^iibits tautomerism, passing from 
the ammonjuip base, having the structure corres*noiiding to the 
hydrochloride, to the pseudo-ammonium base, with the structure 
represented by the above formula, according to whether it is dissolved 
in a dissociating solvent such ^s water or a non-dissociating * solvent 
like ether (Part II, p. 77). 

The parallelism between the behaviour of isoquinoline and cotar- 
nine on oxiid.ntion is very clqarly exhibited by the products of oxida- 
tion, for whilst the former givbs x)hthalic and cinchomeronic acids, 
the'lattdr, breaks up into cotarnic and apopliyllenic acids. 


coon 

.o/V 


CH, 


<u 


'HOOC 

\/\ 


A, 


CHa 

OotartiLu acid. 


OOIL 


yS/'N(CH3)Cl . 
HOOC 

Apopliyllenic .acid (hydrochloride). 


This structure for cotarnic acid has been confirmed' by Perkin, 
Robinson, and Thomap ‘ by offfecting its synthesis from methylene- 
dihydroxy-hydrindono. This was nitrated, the nitro group reduced 
and replaced by hydroxyl, and the latter methylated. The product 
was condensed with piperonal and oxidised with permanganate, 
when cotarnic acid was formed. 


CH.< I > 

Methylene diliydroxy-hydrindono. 


>CH, 


/O, / -9 ’1®“ 

CU./ I >C:CII-/ >0 

J—CO / \ < 


CU^O 


Condensation product. 

COOH 


/ 

CIIjO • 

Cotarnic acid, 


coon 


Trans, *’Oicm. <3oc, 1909, 05, 1977. 
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HydrocotarninB is a reduction product of cotarnine and is also a 
tertiary base, and these facts are combined in the following formula : 

' CHg 

o/X/XcHa 

Oil/ 

CH^ CIIjj 

Ilydrocutarnine liydrochloride. • 


Opianic Acid. Opianic acid is a monobasic acid having ‘ the pro- 
perties of an aldehyde and containing two methoxyl groups. Its 
formula may therefore be represented by 

’ 06H2(OOH3)2(CHO)(COOH). 

The relative positions of these groups has been ascertained as 
follows : DU distillation with soda-lime it yields methylvanillin, and 
on oxidation it is converted into hemipinic acid (p. 386). 


CH 


CHO 

COOII 

/Ncoch 

CH, 

— > 

s^OU, 

X 

OCH3 

OOH3 


OCH3 

OCH, 

Melliylvanillin. 

Opinuic acid. 

Heini]>inic acid. 


Finally, meconine is the lactone of the alcohol produced by the 
reduction of the aldehyde group in opianic acid. 



Narcot’ne. 
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The synthesis of inactive narcotine, which is identical with the* 
naturally occurring gnoscopin'e, Inis been elfected *by Perkin and 
Eobinson^ by warming a mixture of meconine and cotarniue in 
alcoholic solCltidn. 


- CII2 

Cotarnine. Clly | I 

'NIICHg 

' cu)j OHO 




CO 


CH' 


Meconine. 


^lOOHa 

. 0011 , 


OH^ 

CH< 

CH;jO Oil 



Narceine. The relationship of narcotine to narceYne has been 
established by Eoser’s synthesis of the latter from narcotine. When 
the methiodide of narcotine is heated with causoic alkali it yields 
narceine. 


O22H23NO7.CH3I + KOH = OggHavNOg + KI 

Methiodide of narcotine. Narceine. 


Its other properties are in harmon;^ with the following structural 
formula : * . 


* Trans. Ckem. Soc., 1911, 99, 775. 
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SS 4 


CHj 

<=H<J 1 
ch;o w 






Narcci'nc. 


We shall close our account of the isoquinoline alkaloids with a 
short reference to hydrastine and berberine. 


Kydrastiue. The root of the golden seal (Hydrastis camdensi^, a 
plant belonging to the Kanunculaceae and indigenous to N. America, 
contains about 1*5 per cent, of hydrastine and 4 per cent, of berberine. 
Hydrastino was first observed by Durand in 1851 , and has since been 
studied by numerous investigators. Our knowledge of its structure 
is mainly due to the Avork of E. Schmidt ’ and M. Freund during the 
last two decades. It is closely related to narcotine. Like narcotine, 
it breaks up by acid oxidation into opimvc acid and hydrasthiine. 

^‘21^^21^ ^2^ + O = CjqHiqO,-, OJ1II13NO2 

IlydniuUiie. Opiaiiic acid. Hydrastiiiiuu. 

It contains two methoxyl groups, but neither aldehyde nor ketone 
group nor ethylene linkage. 

Hydrastinine only differs from cotarnine by the group CH2O, 
which suggests one methoxyl group less in hydrastinine, and leads to 
the general conclusion that narcotine itself is a methoxy-hydrastine. 
l"his view has been confirmed. Hydrastinine on reduction with 
zinc and hydrochloric acid, sodium amalgam, or by electrolysis, 
is concerted into hydroJiydrastinine, CjiHiaNOg, a compound which 
has been synthesised by FritLch ® as follows : piperonal is condensed 
with amino-acetal, and the product is then treated with sulphuric 
acid, by which alcohol is removed. 

1 Archiv d. Pharm., 1884, 224, 974 ; 220, 239 ; 1885, 228, 49, 2«1, 696 ; 231, 641 ; 
1886, 232, 136. . » » » , , r 

* A summary is contained in AnnaZen, 1892, 271, 311. 

’ Armakn, 1895, 286, 1. 



HTDRAStlNE ‘ 
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■< 



fcH(00,H5), 

'NHa 
!H0 


Cn(OC,H,)a 


<1 


.o/\ 


+ n,o 


OH 


* on 


.CH 

[ .+ 2 C,H 50 II 

:\/\/'* ' » 

OH 

Methylene-dioxyisoquiulline. 




* » 

When tlup m^thiodicle of the L^st compound is reduced with tin and 
hydrochloric acid, it is converted into hydrohydrastinine. According 
to Freund, hydrohydrastinine yields hydrastinine on oxidation with 
potassium dichroinate and sulphuric .acid. 



Tfie relation* of hydrohydrastinine to hydrastinine follows from 
the general proi)erties of tiie latter. It contains an aldehyde group 
like coiarniiio, and, like cotarnine, forms salts with the elimination 
of a molecule of water, ttn oxidation it is converted successively into 
oxyhydrastinine CuH^i'NrOa, hydrastiiiic acid CixH,,NOq, and finally 
Jipophyllenic acid. There are a variety of othor products known, but 
sufficient has been stated to afford a basis for a satisfactory structural 
formula. The relation of hydrastinine to oxyhydrastinine is repre- 
sented as follows : 


Ii,C^ 


.0 




CH^ 

CHo 




CHo 

,0H, 


y 

CO 

Oxyhydrastinine. 


JNOHg 


'NHCHg 

CHO 

JTydrastinine.^ ^ 

j * * 

Finally, norl^ydrastinine and hydrastinine have been synthesised 
by a method similar to that describe^ under cotarnine (p. 330).^ 


> Decker and Becker, AAnalen, 1913, 305, 888 ; see also fi&senmund, Abstr., 
1919, i, 280. * » » 
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• Hydrastine has the formula : 



ll^'drastine. 


Berheriue was discovered in 1826 in prickly ash [xanthoxylmn 
clarahemilis) by Chevalier and Pelletan, who named it xantlioj^icrite. 
When BQchner, in 1835, found it in barberry root the name was 
changed tc berberine. Since then it hai^ been obseiwed in golden 
seal and many other plants, the largest amount (8-9 per cent.) being 
found in coptik. The composition of berberine, C 20 H 17 NO 4 , as well 
as its constitution, have been worked out very completely by 
W. H, Perkin, jun.‘ The following are the j^rincipal facts upon 
which its structure rests. Berberine is a tertiary base, and forms 
salts which have a yellow colour. It contains neither aldehyde, 
ketone, nor hydroxyl group. Of the two methyl groups, which are 
removed by Zeisel's method, neither is attached to nitrogen, and 
they are consequently present as methoxyl. 

The most important insight into the structure of berberine is 
aiforded by its products of oxidation. By the action of permanganate 
in alkaline solution, Schmidt^ obtained hemipime and liydrastic adds, 
both of which had been previously prepared from hydrastine ; whilst 
Weidel,® by using concentrated nitric acid, obtained herheronic acid, 
or y 3 -y-tt'-pyridine tricarboxylic acid. 


0H,0 

CHaQ^OOOH 

tlOOH 

llemipinio acid. 


,OOOH 

Hydrastio acid. 


COOH 

/^,COOH 


Hood, 


\/ 

N 

Berbcronic acid. 


1 Trmis. Climi, Soc., 1889, 55, ffs ; 1890, 57, 992 ; 1910, 97, S05. 
* Arch. d.'’Pharm., 228 , 596 . 

» Ber., 1879, 12, 410. 
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A renewed study of the action of periTianganatQ on berberine by 
Perkin, jun., led«to the isolaliion 4f the following series of oxidation i 
producfe : • 

Oxyberberine P20H17NO5 Anhydroberbwilic adid G20II17NO8 

Dioxyjberberine C2„IIi7NO,;. Berberilic acid 

Be^’beral O20H17NO7* Berilic acid C^oliisNOs 


from whidi oxyhydrastinine was ultimately prepared and a common 
bond established with narcotine and hydrastine. The most interest- 
ing of the above series are hcrherilic acid and herheraL Berberilic 
acid, which is a dibasic acid, breaks up,()^ boiling with dili.te sul- 
phuric uejid into hemipinic acid and amino-ethyl piperonylic acid. 


CII3O 


ciioOr \cooH 


;coon 

Hemipinic ncid. 




Or^^CH^.CHg.JTHg 



OOH 

A inino>ethyl piperonylic ,acii1. 


In the same way borberal, when treated with alcoholic potash, is 
resolved into amino-ethyl piperonylic anhydride, CioH9N03, and 
i/r-opianic acid, the two constituents being again combined 

to form borberal by heating them together to 180°. Amino-ethyl 
piperonylic anhydride is regarded by Perkin as noroxyhydrastinine, 
since it can be converted into oxyhydrastinine. 


CH3O 

CII80|^\CHO 
!OOH 


ip-Opianic acid. 



Now it has been shown that when opianic acid (which only differs 
from »/r-opianic acid by inverting thft positions of aldehyde and 
cai’boxyl groups) reacts with basic substances it ibsthe carbon of the 
aldehyde group which attaches itself to the nitrogen of the, base.* 
Thus, Lieberniann has found that aniline and opianic acid form 
a compound as follows : « 

+ Nfla. 


1 PerkiD and RobinLon, Trjna. Chem, Soc., 1910, 97, 320. 


CH3O 

CHgO/^COOH 

: bH:0 


CaH, 


CHgO 

omo/ 



-H,0 


CH*NH.C„Hr. 


PT. Ill 
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As opfanic and, i/r-opianic acid closely resemble one another in 
{Chemical behaviour, the union hi the latter with amino-ethyl 
piperonyl carboxyl anhydride will be represented 2<,s follows : • 

; 0H2 . “ . cii; • 

I u “"-Q I i». 




COOH 


Wh 

COo^'^^ 


COOH/ ^OCHj 

• /bcH, 


Berberal. 


The^ latter will therefore represent the formula for berberal, and 
berberiiie will then be 


<1 


.or^^cH 


C 


II I 

vNocn, 


II . 

\/\nr 


Bcrberine (ammonium form). Berberinal (aldehyde form). 

Berberine in presence of alkali undergoes an intermolecular change 
whereby it assumes the functions of an aldehyde and is termed 
herherinal. In this form it closely resembles hydrastine in structure, 
and it is not surprising to find that hydrastinine bases may be 
obtained from berberine deVivatives,' and that berberine may be 
converted into hydrastinine.® 

The correctness of this formula has been confirmed by the synthesis 
of berberine and oxyberbeiine by Pictet and Gams.® Piperonal 
condenses with nitrome£hane and the product on oxidation and 
subsequent reduction yields successively the aldoxime and amine. 

OH2O., . C0H3OH2OH : NOH CH2O2 CHg . NHg 

Homopiperonaldoxime. Homopipei'oqyl&miue.^ 


1 Freund, Ahstr.y 1912, i. 383. 
s Merck, Alstr^ *1913, i. 1095. • 
s Compt, rend., 1911, 1S2, 1,102 ; 153, 386. 
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On treating the amine with formaldehyde in jpresence hydro- 
chloric acid noL‘hydrohydraStinii& is formed. 


OH, 


CII,/ 




2 \ 


o. 



NH 


gn, 

Norhydrohydfnstuiiiio. 


..The nitrobenzoyl derivative combin'^^ with the methyl %ster of 
opianic %icid, ^and the prodifct on treatment with alcoholic potash • 
gives oxyberberine. * ‘ • 


CH. 



OH2 


0 


HC 


In. (CoCjH^no*) 


cny 

\o! 


GOOCH,* 

\/\ 




CH/ 

■0/ Y^oh* . 

I N 

\/\/\ 

C. 00 

J 


L 


CH, 


Oxyberborinc. 


Berberine itself was obtained by combining homoveratroyl chloride 
with homoinperonylamine thus : 

CHa 


CH, 




\/ 


OCj' 


1/ 


NH 




,OCHa 

OCH. 


When heated with phosphorus ppntoxide a molecule of water is 
eliminated^ and the product (I) pn ^-pduction yields veratroyl- 
uorhvdrohydrsstinine (11)^ • • 

z2 • 
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CH*. 


XA/ 


!n 


H, 


Vn 

\/ 


ocn, 

OCH, 



By tho action of methylal in presence of hydrochloric acid a OH2 
groiij) is introduced and unites the isoqiiinoline with the v^ratroyi 
nucleus, thus yiehling tetrahyd'roberoerine, which gives berberine 
on oxidation. 


CH2< 



na(i i 

V ^ocii; 

I .ioCH., 


Tetrahydrtiborbori no. 

Tetrahydroberberiiie is the infictive form of another laevo-rotatory 
alkaloid found in golden seal {hydradis canadensis) and known as 
canadine. By fractional crystallization of the d-bromocamphor- 
sulphonate Gadamer* rfisolved the inactive compound into its com- 
ponents and obtained the laevo form, which was identical with 
conadine. 

Corydaline is the chief constituent among the alkaloids occurring 
in corydalls cava. It is a colourless crystalline substance of the 
formula O22H27O4N' and is dextro-rotatory. For its structure we 
are maihly indebted to the work of Bobbie and Lauefer, who have 
summarized their results in a* paper published in 1902 ,** of which 
the following is a brief account : 

By the action of mild oxidising agents, such as dilute nitric acid, 
four atoms of hydrogen are removed anjj an intensely^ yellow base, 
dehydrocorydalinCy C22H23O4N, is produced, which on* reduction is 
converted into the original, but inactive, compound. In this and in 

1 Arch. Pittinn., 1894 , 232 , 136 . ' 

^ Trans. Chsm. 80 c,, 1902 , 81 , 145 . 
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many other respects dehydrocorydaline resembles berberini^, which is 
also yellow, and>on reductidh forms a colourless tetra-hydro derivative^ 
It contains four nlethoxy groups, and on oxidation with a hot solution 
of permaifgahate it gives hemipinic ^ind wi-hemipinic acids. Oxidised 
at the ^ordinary temperature it yields corydaldine, which has been 
shown to possess the followjng structure : ^ ? 

. CO 

Hac!^l\/0CH3 
. CH, 

Co^ydaldine. 

- • • •••• 

It therefore contains an isoqiiinoline nucleus. If nitric acid is 

used as oxidising agent in place of permanganate, a dibasic acid, 
corydic acid, CigHi^O^jN + PI2O, is formed, which on further oxida- 
tion yields m^ydilic acAd, Ci7Hi,r,08N, whicfi is tribasic, and which in 
turn is slowly i-esolved into methyl pyridine tricarboxylic acid and 
wi-honiipinic acid. 

Putting these facts together the following structurS is assigned to 
corydic acid : ^ • 

• CITo 

CII O, ^CIIo 

*N 

CH.o' 

iCII. 

JCOOH 

coon 

« 

Corydic acid. 

From this it follows that dehydrocoryd aline and corydaline will 
be represented by the formulae : 


CIT2 

cn..o, 

CH,0 

CH, 

'CH, 

N 

kX • 

Y‘\oC!H 3 


CH3. 

PCII3 





^ Deliydrocorydaline. _ ^ Corydaline. 

1 Tmm.jClien^. Soc.. 1890. 75. 070 
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f 

a i^latioiir which closely resembles that of berberiiie and tetraliydro- 
berberine. The formulae account, r moreover, for the formation of 
hemipinic and wVhemipinic acids from rings I and IV and methyl- 
pyridine tricarboyylic acid from ring II. Corydaldine ^/oiild contain 
rings III an<!? IV. Corydic acid would result from the destruction 
of ring I, and corydilic acid from corydic acid by the oxidation of 
ring III ' 



CO2H 

•Corydilic acid. 


Cryptapine and Frotopine. These two alkaloids occur in opium, 
and ci’yptopine was discovered in 1867 by J. Smiles, in the filtrate 
from which the morphine and thebaine had been separated. It was 
first analysed by Hesse, who gave it the formula C21H23O5N’, which 
has since been confirmed. Our knowledge of its structure is due in 
the first place to D. K. Brown and W. H. Perkin, jun.', who showed 
that it contains two methoxy-groups and, on oxidation, yields 
9>i-hemipinic acid (p. 325 ). Since then the alkaloid has been the 
subject of numerous investigations, but it' is only within the last 
year that the problem of its constitution has been thoroughly 
elucidated by the worl;: of W. H. Perkin, jun.,‘ in a paper from 
which this brief account is abstracted. 

The fact that cryptopine has a molecular formula resembling that 
of hydrastine, OgiHgiOgN, and berberine, C20H19O5N, would indicate 
a relationship between them* and this conclusion is supported by 
certain reactions which are shared by the other two alkaloids. 
Cryptopine undergoes the following changes: It combines with 
methyl sulphate and forms 0211123^5^1(^^3)2804, which on reduction 
yields tetrdhydro-methyl cryptopine^ C22H29O5N. The latter reacts 
with acetyl chloride, forming the anhydrp-deiivative . C22H27O4N, 
which on oxidation yields a syrupy hasft, an aldehyde, 

and an acid. The base (I) h 4 s been identified as ^possessing the 
formula : - 


^ Trans. Chein. Soc., \i)16ycl09, 815. 
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CIIA ,CHO 

CH„ jCHg.SHa.NlOHj), 

• ' Base (I). 


OHgOr 

H2.0H.,.N(OH3)CIIO* 


CII,Ol 



Acid [1\), 


whilst irhe acid is repreitiented by formula II. 

The aldehyde contains no methoxy groups, but a methylene group, 
and resembles piperonal in smell and certain chemical properties. 
From its formula, which is that »of *a methyl piperonal, and its 
oxidatioii product it has been shown to have the formula : 



By joining together the base with the aldehyde, on the assumption 
that on oxidation the junction attached is an ethylene linkage, 
the following structure iif obtained ; * 


HA 






I 

•OH. 


OHO 


OHO 

(0H3)2N| V^Noch, 


oil 


S^OHa 


/\ 


V\h 

OHall 

CH 

(OHa)aN ^OCH, 

Haci^^^loCHa 

Anhy dro- tetraliydro-methy 1- 
cryptopine. 


The tetraliydro-compound will probably possess the group formed by 
adding the elements of water to the middle ethylene linkage, which, 
of the two alternative arrangements, is probabr}' represented by 


OH2 / 

OHOH 


When cryptopine is reduced with a large excess of sodium amalgam 
in dilute Sulphuric adid ^it yields k dihydro-derivative OaiHstjOgN. 
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This i& explained by the reduction of the origi/ial keton'e group to 
the secondary alcoiiol group of the middle linkage. ^ The addition of 
^>the second molecule of hydrogen to form the tefrahydro-compound 
is determined by the cleavage of the methylene linkage of the 
piperonal nucleus to ' form a methyl group. * The formulae of 
cryptopine and tetrahydro-methylcryptopine will be as follows : 



xOi 

H2C< 

oil* 

H3C bnoH 

(CHs) 3N, pOH* 

HaOv, lOCHs 

CH* 

Tetrahy dr 0-me thy Icryp topi ne. 


Four oxygen atoms of the molecule are readily accounted for (as 
methylene oxide and methoxy-groups) whilst the nature of the fifth 
is not so readily determined, seeing tha^ it exhibits unusually inactive 
properties. It neither forms an acetyl derivative nor gives tbs usual 
ketone reactions. This would point to an ether (0—0 -C) grouping 
had it not been for the inability of such an arrangement to explain 
the formation and properties of the methylcryptopines. These sub- 
stances are obtained, one (a) from the methochloride and two from 
the methosulphate by the action of alkalis, and one named a-, p-, and 
y-methylcryptoi)iiies ; a- being polymorphic and y- isomeric, with 
)8-methylcryptopine. Unlike the p- modification, the y-isomer gives 
an oxime and semicarbazone, as well as an acetyl derivative. The 
methosulphate of both compounds, when boiled with alcoholic potash, 
gives cryptopidiol, and trimethylamino is eliminated. These reactions 
are interpreted by means of the following formulae : 




(CH3)3N I 

CHarHclJoOHg 

y-^etliylcryptopiiie. 



CIlYPTO;#INE AND PiOTCfPlNE 


whil&t crjrptopidioi has the constitution ; 


V A 




>iOII 


HO.CH^C.OH 

iocn, 

- Cryptopidiol. 
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One further reference Qiust suffice to illustrate the innumerable 
changes which this mobile molecule can assume, and one which at 
tlie same time exhibits its relation to berberine (see below). Iso- 
cryptopine chloride is most readily obtained by the action of phos- 
phorus oxychloride oh Cryptopine from which the base may be 
separated. In this reaction it is assumed that cryptopine passes into 
the enolic form and undergoes a similar tautomeric change to that of 
cotarnine (p. 331). 


H,C^ 


OH 



OH, 

Isocryptopinc. 



Protopine, vSgnHioOflN, although one of Iho most wi<lely distributed 
of the alkaloids, being found in most ^j>ecies of poppy (Papaveraceae), 
in the roots of the greater celandine [Oilelidonium majus), in certain 
species of corydal (Corydalis^cava)^ &g,, it usually occurs in very 
small quantity. It \^ai founfl by Hesse ^ to accompany cryptoi>ine 
in opium ; but the best source is paobably the Lyre hower (Picentra 


^^nnakn, Suppl., 187^^8, 26 J. 
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spehtabi7if)j in which it is present to the extent of 0*7-1 -0 per’ cent. 
It exhibits in all its properties a sticking resemblance to cryptopine, 
from which it differs in possessing no methoxy-grcups. The formula, 
CooH^gOfiN, contains OH 4 less* than cryptopine, 02 JHJ 30 tN, and 
Gsidamer anc? Danckworth have consequently suggested that the two 
methoxy groups in cryptopine are replaced by the methylene oxide 
group. If this is assumed (and the view is accepted by Perkin as 
the most probable interpretation) the formula for protopine will be : 





THE MOEPIIINE ALKALOIDS 

This group includes at least four important alkaloids found in 
opium, namely, mofphme, codeine, pseudomtytphme, and thehaine. They 
are distinguished from the more numerous class of opium alkaloids 
to which papaverine and narcotine belong, by their poisonous cha- 
racter. In spite of the enormous mass of material which lias resulted 
from the study of these alkaloids, we are still ignorant of their 
structure. The following page^ contain a very general and incom- 
plete summary of the results! 


Morphine and Codeine. The structural relationships between 
morphine and codeine may at once be made clear. The formula for 
morphine, Ci 7 HigN 08 , and codeine, Ci^HgiNOg^ indicates a difference 
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of a methyl group, and the conversion of the one into the oilier* by 
Grimaux in 188*1 by the aAion qf methyl iodide and caustic potash, 
and laffcer by that of diazomethane on morphine, deaves no doubt' 
about the *coiTectness of this view.* * 

Morphine, as already stated (p. 264), was* the first J,lkaloid to he 
isolated. Although the average amount in opium is givpn in the 
tiible (p. ,820) as 9 per cent., it varies considerably, and niay rise to 
20 per cont. or more in some specimens, or fall to 3 per cent, in 
others, r Morphine is a tertiary base and at the same time a mono- 
liydric phenol, for it dissolves in caustic alkalis and forms salts with 
qne atom of metal, from which it is ^ain precipitated by carbon 
dioxide.^ Or? the other hand, it forms diacyl derivatives, and there- 
fore cont&ins two hydroxyls, one of which is probabl}’' alcoholic in, 
character. The third oxygen is indifferent and is probably present 
as an anhydride or ether group. Morphine is very oxidissdile, 
reducing certain metallic salts and separating iodine from iodic 
acid. The product of tjiese and other weak oxidising agents is 
a non-poisonous compound known fis psmdomorjfliinet which is also 
present in opium. Its structure is still unknown. « • 

2Ci,Hi 9N03 +0 (CnHigNO^)^ +H,0 

^Morphine. . Pseudomorphine. 


The action of dehydrating agents is either to produce condensation 
of two or more molecules and form tri- and tetra-morphiiie or, if 
hydrochloric acid is used, to eliminate water with the production 
of a substance known as apomo^phiney in which two 

phenolic hydroxyls are present. 

Our knowledge of the structm’e of morphine and codeine from 
this point centres round the recent investigations of Vongerichten,’ 
of Kaiorr and of Pschorr.® • 

By the distillation of morphine over zinc dust, Vongerichten and 
SchrOtter oflJtjxincd plienanthrene together with a series oi bases — 
ammonia, trimethylamine, pyrrole, yyridine, and a substance, mor- 
phidine, since recognized as a mixture two bases. The aiipearance 
of pheiianthrone is sufficiently interesting, but in consequence of the 
high temperature ugefi in the i-eaction, no proof is afforded of its 


^ See various papers in the Berichte fro&i 1896 onwards. 

See va^fious papers in the Berichte^ 1889,^ t894, 1897, 1898, 1899. 1903, and 
AnnaHen, 1898, 301, 1 ; 1899, SiQJl, 171. 
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oxistehce in the alkaloid itself. Further confirmation was necessary. 
Vongoiichten and Sch rotter then s^bmit^ed codeine to the process of 
exhaustive metliylation. On distilling codeine-methyl hydroxide 
a new base is formed, to whicLs the name a-methi/lmorphiinetHne has 
been given. 

(0H)(CH30)CnHi70NCH3(0H) = (OH){CH30)CnHioONOH3 + H^O 

^Codeine-methyl hydroxide. a-Methylmorpliiinethii^o. 

This new compouiVd still contains hydroxyl, and when heated with 
hydrochloric acid or acetic anhydride is resolved into methyl- 
dihydroxyphonanthrene and dimethyiai.iino-eiliano]. 

(01I)(Cn30A,HioONCH3 = t0II)(CH30)Ci4H3 + (OHIC^H.^^ (0113)3 

a-Methylmorphimethiue. Mothyldlhydroxy- Dimethylamino- 

phcnanthrene. ethanol. 


The structure of methyldihydroxyphenanthrene was determined 
by its resolution into dihydroxyphenanthrene or morjphol and into 
phenanthrene, and since morphol is converted successively by oxi- 
dation into the corresponding quinone and into phthalic acid, both 
hydroxyls must be present in the same ring. 

0,,H4 OH C 0 H 4 CO C 0 H 4 . COOH 

I \\ ^ \ I . ^ I 

CcH,(OH) 2 --CH CcHaCOiy— CO COOH 

Morphol. Morphol quinone. Phthalic acid. 

The structure of dimethyl- and monomethyl-morphol has since 
been confirmed by Pschorr and Sumulcanu and by Pschorr and 
Vogtherr,^ who obtained them synthetically. 

CH,.0 OCH 3 CH 3 O OH 



Dimethy l-morph ol Methyl-morphol 

(3 . 4-DimothoxyphenanthrGne). (3-Methoxy-4-hydroxyplienanthrene). 

By combining the results of the various reactions carried out in 
the manner described, Knorr originally suggested a formula for 
morphine in which the methylamino-othanol group was attached to 
the phenanthrene nucleus as an oxaziiio or morpholine group thus : 


(no)A4Hio: 


o 

iCHg 

!ch* 

KOH3 


• Ber., 1900, 33, 1810: 1902, 3S, 4412. 
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but this view is noW abandoned, and the ethanol group is at present 
regarded by Knorr * as a secondai^ product derived from an original 
vinyl giroup. • 

The rpasuns for this aro based upon thfe different behaviour of the 
artiffeial morph olihe derivatives. ' * 

A variety of these compoands have been prepared synthetically 
by Knorr. Such, for example, isphenmorpholine, obtained by internal 
condensation of o-ethanolaminophenol. . 



. CHa . CHgOH 


/W ^CH, 


NH 


!CH, 


o-EthanolaminophcnV)!. Phenmorphol ino. 

Another interesting synthetic product is the base naphfhalane 
morplioline^^ which is obtained by condeiisiiig tetrahydronaphthaleiie 
chlorhydrin with ethanDlrinine. 



CH, 

\cnoH 


Tetrahydroiiaphi lialene 
chlorliydriii. 


OIL O 



CIlij NH 

Naphthaluno morpholino. 


Although the ^-methyl derivative of this compound closely re- 
sembles morphine, botlt in its physiological action and in the 
character of its disintegration products, yet the dimciliylainiiio- 
etlianol derivatives of dihydroiiaphthalene d^'or greatly in stability 
from methylmorphimcthine, and they cannot therefore be similarly 
constituted. The same view has been arrived at on other grounds 
by Freund ® from the study of the closely related alkaloid, thebaYiie. 

TJiis connection between codeine, morphine, and thobaine has been 
arrived at in the following way ; codeinone, which is obtained l)y the 
oxidation of codeine, is a ketone and yields, when heated with dilute 
hydrochloric acid, thehenine, and wlth^ strong hydrochloric acid, 
morphothehalne. Now, as both these compounds are obtained in the 
same manner from thebalne, the two alkaloids must be nearly 
related.* jrforeover, c'^delncjne is decomposed by acetic anliydride into 
meth^daminoothanol and 3-methoxy-4 . 6-dihydroxyi)lienanthi ene^ 


* AnnaUn. ;899, 307, 171. 

* Acli and Knorr, Ber.y 1903, 30, 3007. 


' Per., 1906, 38, 8143. 
’ Per., 1905, 38, 3234. 
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which is related to thehaol (p. 351). Thus, codeine is a derivative of 
8 . 4'. G-trihydroxyfihenanthrene. 

OH OH OCH, 

r 

PschoiT * regards the nitrogen atom in the three alkaloids as form- 
ing part of a pyridina ring and bases his view on the persistence of 
the * indifferent ’ oxygen atoih when the nitrogen complex ij entirely 
detached. Thus, Vongerichten obtained from the stereoisomeric or 
j 3 -methyimorphime thine m'^hmol, which probably has the formula; 



and Pschjrr formulates the structure of morphine and thebalne as 
follows : 



Morphine. Theba'inc. 

Thebaine was discovered in opium by Thiboumery in 1835. It 
was investigated by Pelletier, and its composition (O 19 II 21 NO 3 ) was 
correctly determined by Anderpon. Our knowledge of its structure, 
as far as it is known, is mainly the result of the careful and systematic 
study which Martin Freund ^ has devoted to the subject since 1894. 

The molecular formula of the three alkaloids, morphine, codeYne, 
and thebaine, would in itself suggest a connection between them. 

^ The preseiifc position of the morphine problem is discussed by Fschorr and 
Einbeok, Bar., 1907- 40, 1980, and by Knorr and HCrlein, Fer., 1907, 40, 2042. 

* Bar., 1895, 28, 941 ; 1897, 30, 1857 ; 1899, 82, 168. 




rHBBMNB 


861 


; C„H„1J03 Ci*H„N 03 CioHjiNOgt 

Morphine^ • Codeine. • Thebaint. 

Suclf a relationship has already been shown to exist. Thebalne is* 
a tertiary bai^ ; it contains two hych'og^ atoms less than morphine 
no hydroxyl, but' two methoxyl groups. AS, in addi^on, it yields 
tetramethylethylene diamine, 

(CH3),N.0A.N(CH3), 

on exhaustive methylation, it contafhs a J^/’-methyl group, and accord- 
ingly its formula may be written : * •- 

(CH3CD2.Ci6Hi20.‘«TCH3 

ThebaYne undergoes a similar decomposition to the other two ' 
alkaloids; for on boiling < with acetic anhydride it is resolved into 
the acetyl derivatives of the nitrogen-free thehaol and of ^lethylamino- 
ethanol, the latter furnishing a further proof of the presence of the 
methylamine radical. ^ 

(CH30)2 Ci 6 Hi 20NCH3 + HgO = (CH30)2 CuH 70H + (H0)C2H4NHCH3 
ThebaYne. Thebaol. Metbylamlno-ethanol. ^ 

Thebaxne methylt iodide ih presence of silver acetate undergoes 
a simifar change, but in this case, in addition to thebaol acetate the 
acetyl derivative of diniothylamino-ethanol is formed. 

Thebaol was shovrn by Freund, using similar methods to those » 
already described, to be a dimethoxy-hydroxyphenanthrene. It 
yields a quinone on oxidation resembling phenanthraquinone and 
possessing the proportidl^ of an ortho diketone, and on further oxida- 
tion passes into o-mothoxyphthalic acid. The synthesis of thebaol- 
quinone by Pschorr and Seydel ' front 2-nitro-isovanillin has 
definitely established the structure of Jhebaol as 4-hydroxy-3 : 6- 
dimethoxyphenanthrene, 

OH3O op OCH 

It is clear from the foregoing that , the constitution of thebalne 
is intimately related to that of morphine and codeine, and that 
the same ^ey which iwould; serve to unlock one structure would fit 
the otheir two. present, however, the key is missing, and the 
structural formulae wl^ich have been assigned must be regarded as 
provisionaL * 

• * . / Bcr., 1952, 86,* 4400. 
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• ■ , , T^JE QUINOLINE ALKALOIDS 

Quinine and Cinchonine. Among the numerous alkaloids which 
are found in cinchona bark, estimated at more than tw«L;nty, ouinine, 
quinidine, ciiichdnine, and cinchonidine are the most plentiful, the 
most important, and the most carefully investigated. As it has been 
also shown that they are similarly constituted, there are certain 
advantages in discussing them, together. 

These alkaloids were discovered in 1820 by Pelletier and Oiventou, 
and the molecular formula^ of the anhydrous bases were found to be : 

' C,oH24NA - 

^ Quinine and Quinidino. Cinclioniiio and Ginc'ionidine. . 

two pairs are probably steveoisomeric, so that we shall consider 
only quinin*' and cinclionine, 

Both alkaloids are bi-tertiary ba^es, that is to say, the two nitrogen 
atoms are present as tertiary groups. Of the two oxygen atoms of 
quinine one is present as hydroxyl, the other as mothoxyl. By 
heating quinine with strong hydrochloric acid the methyl group is 
eliminated as methyl chloride and the product is known as apo- 
quinine. 

Ci9H2oN 2(OH)(OOH3) + H01 = Oi,,n2oN2(OH)2 + CH 301 
Quinine. Apoqiiinine. 

The oxygen atom of cinchonine represents a hydroxyl group. 


Oxidation of Quinine and Cinchonine. The products obtained 
by oxidising the two alkaloids has shown that each alkaloid is 
sharply divisible into tv'o parts. With energetic oxidising agents 
cinchonine yields cinchoninic acid, whilst quinine yields quininic 
acid. The structure of both acids is known and represented by the 
following formulae ; 


COOH 



COOH 



OOHo 


N. 

Quininic .acid. 


ly y* 

It will be seen that the two acids stand in the same relation as 
the alkaloids from which they are derived, and thus * the second-halt 
as it is termed, is probably identicid in both. 



OXIDATION 5>P,l5UININE AilD CINCHONINE 853 




I * 


1 

Cinclioiiino. 


Ci„HJOH)N 

I 

^/NoOHa 


\/ 

N 

Quill i no. 




Tlie futther investigation of their structure, which up to this point 
was clearly explained by Skraup, h<is o/Tered unexpected dilliciilties, 
and the constitution of ‘the second-half’ is not yet finally and 
definitely estaldished. 

"‘Ain6rg the m.nss of materials which have accuiiuilated on the 
subject, tliose’ only have been selected which appear to have a direct 
bearing on the problem under discussion. If cinchonine is oxidised 
with permanganate, formic acid is split off and a new h.aso cimhote^ 
nine is formed. ' 


Cincliouine. * Ginchoioiiino. 


Similarly rpiinino yields quHenine, 

"t” ^4* ” ^igH22^2^4 CII 2 O 2 
^ Quiniiio. Quitoniiie. 

Cincliotoiiino still contains the original hydi’oxyl group of cin- 
chctiine, and fn addition a •carboxyl group, since it yields an ester; • 
but whilst cinchonine forms an additive conipomnl wuih hydrogen 
iodide, ciiichotenino has lost this i)ower, Tlius, in all probability, 
the change depends on the oxidation of an iinsaturated side-chain. 

XH : CII2 /COOII 

Ci,HisN2< OitHisN./ 

^011 

Cinchonine. Ciiirhotcnino. 

The same kind of difference is exhibited between quinine and 
quitenine. • ^ 

Koenigs ^ found that when cinchonine is acted ui)on with a mixture 
of phosphoras pentachloride and oxychloiide the liydroxjfl group 
is replaced by chlorine and forms tfinchonim (hloriila. Alcoholic 
potash removes a molecule of hydrogen ihlorido, and a new oxygen- 
free base is formed, wdiich was named by Koenigs cinchene. 

Cijnchoninuk Cinchoniifo chloride. Cinchono. 

* "t ' 

» Various papers in the i?er/c/i^e, beginning with_^Ber., 1880, 13, §80, to the present 
time. ' j 
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t 

Quinine behavos similarly and yields quinene^ Oi9Hij,(OCHji)N2. 
To these two substances, cificheiKT and. quinene, Koenigs and his 
collaborators ' .hifrve devoted their attention with the object of .estab- 
lishing the structure of the ‘secqnd-half ’ of the molecule. ^ 

On prolonged \joiling with strong hydrobromic acid, ammonia is 
split off ai;id water taken up by both compounds, yielding ajpolinchene 
in oiie case and aioquinene in the other. * 

;C,oH2uN2+H,0 = C19II10NO + NH3 

Cinchene. Apocinclione. ^ 

‘ Ci9nia(OOH3)Nis + HijO + IIBr = Cj^HioNO^ + NH^ + CIIsBr 
Quilieno. « Apoquinene. 

If, on the other hand, cinchene and /luinene are heate 1 with 25 per 
*cent. phosphoric acid solution under pressure, two molecules of water 
arc. taken iSp, and lepidine and p-methoxy-lcpidine are respectively 
formed, together with a second preduct which is common to both and 
is named mcroquincne, T^ie structure of meroquinono has a special 
significance, as it may be taken to represeRt ithe second-half of the 
two alkaloids. 

CVW + 2H,0 = CioHoN + OallisNO, 

Cinchene. Lepidine. Me^oquinonc. 

C,,,Hi,,(0UIia)N2 + 2H20 = CioHs(OCn3)N + C,,I-I,.,N02 

p-Methoxydepid iiie. Meroquiiiene. 

Structure of Apocincheiie. Koenigs succeeded. l>y oxidising the 
ethyl derivative of apocinchene, in resolving it stejp by step into three 
new products, which have been identified ar derivatives of quinolyl- 
phenol. 

The first is known as ethylapocinchenic aciil, the second as llie 
lactone of liydroxyethylaj)Ocmclienic acid, and the third has boon 
identified as quinolyl^ohcnelole dicarhoxylic acid. 

yCOOn 

. . CcH^^COOH 

\oO2H3 

Again, if ethyl apocinchenic acid is boiled with hydr6bromic acid, 
carbon dioxide and ethyl brdaiide are removed and Uomapocincliene 
is formed. The ethyl derivative of the latter yields on oxidation 
ethylhomapocincheiiic acid ; and if the jsilver salt is heated, y-quinolyl- 
phenetole results. Finally, y-quinolylpjieiietolo is cohyerted into 
y-quinolyli)heiiol with hy^drobi’oinic acid. « 


* Artnaleri, 1906, 347, 14C. 
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The series <rf changes aie represented as follows ; 

*^011 
^ Homajpocimclieiie. 
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C,H„N. CoH„^COOH 

. ^ \oo,ii, 

iJlh^ lapocincliGuic acid. 

Ethylhomapocinclieiio. 

C*H„N . 0„H4 . OC^IIj^ 

7-Qiiinolylphonotole. 


CoHoN.G 6H3< 


rf3„H,N.CoH3^ 


xpOOII 

C„HoN.CoH3<(- 

\003IP3 

Sthyllfomapocinchenic aoid. 

OoHeN . C0H4OIP 

7-QiiiiiolylphGiiol # 


_ • • 

Patting the above facts tpgother, the probable formula foi' 
apocinchene is that of a quinolyl diethylphenoL * 

C 3 n,(Jaii 3 

I \oii * 

. . C0H3N 

Apocltiuhcne. 


Structure of Meroquinene. In addition to the n^etho3 already 
described for the presjparation meroquinene, Koenij^s succeeded in 
obtainitig it by the direct oxidation of cinchonine with chromic acid. 
By further oxidation with cold j)orniangaiiate in pit‘srnce of sulphuric 
acid meroquiTione is converted into cincJioloijwnic add, CsIIjaNO^. 
Reduction, on the other, hand, gives cincholoijione (AoiTTfk residue). 

+O4 - C8H,3N04 +CIIA 

Mcroquiiiciio. Cinclioluipoiiic 

acid. 

nFrom the latter Skraup obtained by caiwful oxidation with per- 
manganate small quantities of a second acid which he termed 
loiponic acid, C 7 Hi,N 04 . All these compounds a^q)ear to contain 
a pii)eridiiie nucleus, the ijrosonce of which has been demonstrated 
in various wa3"s. Thus, when meroquinene iq heated with hydro- 
chloric acid tg 240® with or without the addition of mercuric chloride 
y-methyl-p-efliylpyridinc is formed, whilst strong sulphuric acid con- 
verts cincholoiponic acid into 7-mefli^pyridine ; finally, Koenigs 
showed that loiponic acid is transformed by heating with potash into 
an isomeric acid which is identical with synthetical hexahydi’o- 
cinchome]|pnjc acid •(pipeu'i3ine-j8-y-dicarboxylic acid). The other 
reactwns for meroquinene indicate that it is a secondary base, with 
an nil saturated side-chsfin (it forms afi additive compound with 
bromine) ftud a carboxyl group (it ferm^<in ester witU alcohol). 

* • • A a 2 
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Tlio^ facts taken together point to the following as, the .most 
probable f ormulae (or nieroquinene find its oxidation products, * 


CK . cHji . oooii 

CH.CJFIij.COOH 

ii„c/\cn.CH:CSio ‘ 

H^c/^CH . co»ir , 



Nil 

' 

Meroquineno. ^ 

Cinclioloiponic acid. 

cn.cHo. cooil 

Oil. coon * 

PaC/NcH.CaHs 

j t 

. COOII 

nh; 

-J 

NH 

tyincholoij^oiic. 

Loiponic acid. 


It therefore follows that the ‘second-half* is a piperidine nucleus, 
and. inoreoyer, tliat it is attached to the ycnrbon of the quinoline 
nucleiis by the carbon atoms of the y-side-chain, since on oxidation 
meroquiilluie and cinclioiiinic acid are produced, each of which has 
a carboxyl in the y-position. By the same ijrocess the hydroxyl 
group disappears, and must also form part of the y-side-chaiiia 

It will be seen from this summary that the structure of the 
‘ second -half ’ and also the nature of the unitui between the jnperidCne 
and the (piinoline nucleus is still uncertain, in addition to which the 
position of the hydroxyl group in the y-side-chain is undetermined 
and the exact function of tho y-side-chaiq unknown, A certain 
amount of light has been thrown on these obscure points by the 
study of a substance known as cincliotoxine. 

Structure of Ciuchotoxine. The monoalkyl iodides of cinchonine 
produced by the direct action of the alkyl iodide, and in which the 
alkyl iodide has been shown to attach itself to the tertiary nitrogen 
of the ‘second-half*;^ lose hydrogen iodide when decomposed by 
alkalis iv^d form alkyl ciiichoiiinos. The methyl derivJttdve, 

CpjH.tNO.NCIl,, 

obtained in this way was found by Miller and Kohde ^ to combine 
with plienylhydrazine and yield a hjjdrazopo, whilst <^inchonine 
itself does not give this reaction. If, howevel*, ciiichoniAe is sub- 
nutted to the prolonged action of plienylhydrazine dissolved in dilute 

■* t * 

V net\, 1894, 27^1187, 1279; 1895, 2 ^ 8 , 1056. * 
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acetic acid at a temperature of lOp®, combination ensues, ffhe mole- 
cular rearrangement which* evidently takes place was subsequently, 
found fo occur wifliout the addition of plienylhydrazine by merely 
heatingi with* acetic acid. The nev^ compound is ^ l^se, isomeric 
with ci^Lchoniiie, but possessing highly poisonous jiropeities, on 
accoi^nt dl‘ which it was napied cinchotoodne. Quinine behaves in 
precisely ,tlie same manner and gives rise to quinotoxine, Oinfcho- 


toxine is a ketone and not an aldehyde, since it f«rms a hydrazone and 
oxime bi»t does not reduce silver oxide. * ^t is also a secondary basy. 
How is the change from alcohol to ketone and from tertiary to 
sffeoiidixry base to be explained ? The cliMigo is probably tauilomerie. 


' CTI 




Clfc 

—GO NH 
/\ 



It. would therefore a^ipear that the link which binds the carbon to 
the nitrogen of the piperidine nucleus is dissolved. But this is not 
all. The hydroxyl group has also been shown to be attached to the 
y-carbon of the quinoline nucleus, since it disappears in meroquinene 
and imist therefore firm part of the y-side-chain. 

The formation of a ketone from cinchonine also means that the 
hyc^oxyl carljoii is already linked to a second carbon atom. This 
second carbon probably Serves as the bond which unites the twe 
halves of the molecule. 

These facts led Koenigs to represent cinchonine and cinchotoxine 
by the following formulae : 


HC| 

HC'> 


HO N 


\/0\/ 

110 0 


CH 

H 




CH^ 

I^OH . OH : OH 2 
HC 


(Jir-j 

L 


HC N 

hq/ 


' 'OH, 


-on OH N , 

CinclioninH. 

^ Oil 

. CH ; OH 2 


Hi 

0 


l\ys\r 

•CH C- 


H* « 


I 

H,C 

-CO 




!CH, 


CincliotoKine. * 


This view of the strueture^has been confirmed by the work of 
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Babe aii(\ his co-workers.' They find that on oxidation thel« alkaloids 
may be converted into ketones an<J at the same time two atoms of 
hydrogen are removed. Thus cinchonine, O1lH2.iN.2O, afid also 
cinchotoxine^ yield cinchoAinolie, C19H20N2O. CinchOnftiowe reacts 
with amyl ijitrite, forming an oximino-compouncl, C,jHi3N(: NOH), 
to which 'the name oxhnino-vinylguimiclidine has been giv6n, and at 
the .same time cinchoninic acid is formed. On hydrolysis the former 
yields meroquinine* The relation between cinchoninone, vinyl- 
qiiinuclidine, and meroquiiiiiie, is easily explained by the rid of the 
following formulae : 


Oil 

IT.2Cr^ . CII : C!ri2 
HO 

OaHyN-CO N 

Cinchoninone. 


CH 

CII . OH : CHg 

JoHa 

N 

, Vjnylquinuolidino. 


on 

HaCj^NoH.CHrCH, 

HOOC 

NH 

Mcroqiiinine. 


As the other alkaloids of the group yield the same vinylquinuclidine 
oxime it follows that the diU'eronce lies ’in the quinoline half in 
quinine and qiiinidino, and that the relation subsisting between the 
two members of each qDair of bases must be of a stereochemiQ.^-1 
cliaracter.® 


The Strychnos Alkaloids include strychnine and brucine, which 
are usual? y found together in 'several species of strychnos, the most 
important source being nux-vomica seeds and Ignatius Jbeans. Both 
contain *2-5 to 3 per cent, of alkaloids, the proporltion of the 
strychnine varying from oAto-half to two-thirds. Stiychnine, 
C21H22N2O2, was discovered, as already stated, by Pelletier and 
Caventou in 1818, and its formula v^as correctly determined by 
Regnault in 1838. Its structure is not yet 'known wjtfi^^certaintj'^, 
but sufficient information has Been collected, chiefly^by Tafel and 

1 Annalm, 1906,350, 180; 1909, 305, 366 ; 1910, 373, 92 ; 1911, 382, 365. 

'■* Ralio, Ber., 19il, 44, 2088. • . • /' • 

’ Kuufmimii and lluber, Ber,j 1913, 40, 2^)13. i * 
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Leiichs, l^ad Perkin and Robinson' to propose tbe J2»llo\viug 
formulae : • • 

, HO* CH, Cli 

HC b icil CHa 

\AAA/\ch 

HO N| ■ 


oa 


CII,0 . 0 


on, * 

strychnine. 


.GH, cn 


,CH 


2 

-cn., 


CH.OH 




J, 


|on 


cn. 


CTI.O.O 




2 


N. 

od 


o 


'OH 

\/M- \/^ 

on, cH.ort 

Brucine. 


^OH, 

JoH, 


"VYe reproduce the main, arguments advanced by these two 
observers iit support of tiie above formulae. 

Strychnine contains two atoms of nitrogen, but is nevertheless H 
mono-acid tertiary base ; for it combines with only one equivalent 
of acid and yields a ^mono-methiodide. Tlie fact, established by 
Tafel,“ that strj^chnine unites with a molecule of water when heated 
with alkalis forming an acid, slrt/chnic acid, is taken to indicate the 
^presence of a betai’ne group, which becomSs hydrolysed. 


■CO 

vji 

Strycliiiiiio. 


Ni02oH2,0 


coon 


n;c,oII,,o/ 

StrycJjnic acid. 


This will account for the non-basic character of the seccffid nitrogen 
atom. Moreover, the presence o^^an Nil group in strychnic acid 
is proved by the formation of a nitrosamine with nitrous acid and 
by that of a methiodide^otmethyl strychnine with methyl iodide. 


. yOOOlI 

(CH.rjN ; CSoHa^o/ 

' . . ^NCHs 


- Annalm, ISOl, 204, 50. 


^Trails. Chem. sSt,, 97, 30&. 
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Stryclmine methiodide contains the betaine group, for it yields 
with baiyia or silver oxide the methyl l^ydroxide of strychnic acid. 
The latter loses a molecule of water on heating and gives methyl 
strychnine. These changes are represented as follows : 


CII3. /CO 

.SlrycJinme methiodide. 


CII,\ /COOH 

,• SL/ychiiino acid methyl hydroxide. 


o 

cH3i.o,on,,o/ 




,00 


■Nil 


Methyl stryelniinc. 


Methyl strychnine is a secondary base and on further methylation 
'yields dimethylstrychnine, which forms a nitroso compound bearing 
a close resemblance to that of N-methyl tfetrahydio quinoline (p. 286), 
seeing that it condenses with benzaldehyde in piesence of zinc 
chloride, giving the louco base of a green dye. Although no kiiown 
quinoline derivative has so far been isolated, this and ‘other fads 
give evidence of its presence. Moreover, strychnine contains a 
benzene nucleus, which probably forms part of the quinoline group, 
seeing that it can bo readily nitrated and sulpiionated. 

Heated with hydriodic .acid and phosphorus, strychnine loses one 
atom of oxygen and gains four atoms of hydrogen, yielding 
oxystrychninc, CgiHgeNaO, nhich still contains the betaine group, 
since it forms the corresponding strychnic acid with sodium ethoxide.' 

Many other reduction iwoducts are known, two of them dihydro- 
ttiychnolino, CgiHgsN^, and stiychnoline, C 01 H 20 N 2 , being derived 
from desoxystrychnine by treatment with sodium and alcohol, whilst 
tetrahydrostiychnine, G 2 iH 2 (i 02 N 5 d> obtained from strychnine 
itself by the electrolytic reductioii or by the iialladiiim and hydrogen 
method (Part I, p. 162). These ch.angcs affect both oxygen atoms as 
well as the other parts of the molecule, lyid^ may be rei)resented by 
the following formulae : 


1 Tafel, Annaleiu 1802, 268, 215. 

* Tafel, AnriiSlm, 1808, 301, 303. ■* 
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■ ■ /CH, 

N:C,oH.4<;I . 

Stryc1iiioliuc>, 


/CII„01I 

N:C,oH220< ■■ 

Totrahydrostrycliniiic. 


Diliydrostry cli iiol i no. 

t 

C^l> 

N:G,.,H,204r I 




GGi 


Stryclinidiiii'. 


When strychnine is oxidi^^od with chromic acid it gives nil acifi, 
Cjglli-O^Ng . coon, which on distillation with zinc dust yields 
carbazole. Now as brucine, wdiich is a diniethoxy strychnine, gives 
tlie same ‘acid by the loss of the two methoxyl groiqis, it follow;.' 
tliat the benzene nucleus is ru[>tured thus : 


CO,!!^ 


N.CO Nil. CO 

Perkki and Robinson point out that the carbazolct group is pro- 
bably an intrinsic part of the structure which, together with th<» 
quii?oline growp, forms the- molecular framework. Now these two 
constituent grouiis contain and as iho formula for strychiiimj is 
it follows iliiit they are fused together, the nitrogen ot 
the carbazole group forming the basic part. Such a fusion may be 
effected by linking the two nitrogen atoms by (JO.CIR. Jhit this 
would furnish two carbon atoms too many, TJie nuuil;er cun l)e 
reduced by supposing tlio two ring structures to bo fused in tlie form 
of an acridine nucleus thus : 



^ u 

The' various reduction ^products are represented by the complete 
or partial removal of oxygen and the reduction of unsaturated nuclei. 
Desoxystrychnine, wh&h contains foui^'liydrogen atoms more and 
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on6 oxygen atom less than strychnine, is represented by the addition 
of four hydrogen atoms to tjie secbnd (yirbazole micleus, whilsi; di- 
* hydrostrychnolme, the most higiily-reduced product, contfiins in 

addition a CHa in place of the CO group. , „ 

' » 
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Acet!^ fermentation, 92. ' 

Acetobrorfio-glucose, 45. 
Acetochloro-glucose, 45. 
Acctodiby>ino-glu(:oso, 35. 
Acetonitro-glucose, 46. 

Ach roodextri ii , 71 . 

Aj-'id fermentation, 92. 

Acrid iliOf structure of, 2S2. , 

Acrolcin-acete .c, 14. 
a-Acrose, >9. 

/3-Acrose, 19. 

Adanikiewicz-IIupkins reaction, 132. 
Adonnsoy 77. 

.-Vdenine, 77, 120, 166; syntliesis of, 

122 . 

Adejiino glucoside, 167. 

Adenosiii, 166. 

Adonitoi, 18. 

Adsorption, 67 ; by cnzyines, 97. 
Acsculiiiy 41, 75. ? 

Aotiopbylliii, 171. , 

Aetioporphyrin, 171. 

Alanine, 135. 

Albun\iiis, 169, 162. t 

Alcoholic form eii tat ion, 85. 

Alcohol oxidase, 81. 

Aldehydes, action of enzymes, 81. 
Aldohoxoses, conligu ration of, 21 
Aldoponioses, 18. 

Aldoses, 2 ; synthesis of, 6 'j, inversion 
of, 13; contiguration 21: 
version from ketoses, li int<}r- 
conversion of, 13. ' 

Aldosldes, 40. 

Alkaloids, 261 ; general properties 
of, 288 ; of isoqiiinoliiie, 320 ; of 
opium, 320; of pyridine, 290; of 
pyrrolidine, 299 ; of quinoline, 352 ; 
of strychno.s, 358 

Alkylglucosides, constitution of, 39; 

structure of.j3y. 50. 

Alkylpyridiires, 270 
Alkyluric acids, 112, 114. 

Allantoin, 103, 106 
Allanturic acid, 105. 

Allo'campholytic acid, 238. 
Allo-camph 9 ric acid, 238. « 

Allomucic/cid, 10, 22. . * 

Alloiiic acid, -3. ‘ 

AlIo&,^, 5, 22 ; 'couiiguraiion, 29. 
Alloxan, 102. • 

Alloxan series, 105 
Alloxantiii, 103. 

Altronic acid, 23. ^ . 

PT. Ill 


Altroso, 5, 32 ; configuration of, 30. 
Amino acids; from proteins, 77j 133; 

e«ters of, 150; synthesis of, 137. 

* A muio ca He i no, 118. 

Aminegluconic acid, 54. , r* 

Aminogluconic nitrile, 51. 
Aminopiirine, see Adenine, r 
Amiimurncil, ste Cytosine. 

Aminoxiin thine, see (luanine. 
‘Amygdala.se, 74. 75. 

Amygdalin, 6, 41, 63, 75. 

Amylase, 70. 

A m y 1 udex ( l i n , 7 1 . 

Amyk».‘'es, 2. 

Aiihydx-oborborilic acid, 337.* 
Aiihydroecgoiiini', 316. 

Anisaldohyd(‘, 261. 

Aiii.se oil, 262, 263. 

Aiiii-bodi<‘.s, 94. 

Anli-eiizymes, 94. 

Aiiti-toxins, 94 
Apiolo, 261. 

A]>«>at ro]iiiie, 305, 31 I. 

Apocalleine. 118 
Apocamphoric aci<l, 200. 

ApocinchtMie, 351. 

Apohannim*, 321 
Apuhannyrine, 321. 

ApoDiorphine, 317. 

Apophylleiiie :iri«l, 328. 

Apoquinine, 354. 

Apriii, 4 1 . 

Arabiiios(‘, 5, 8, 10 ; I'oniigiir.-ition of. 
28,30*’ structure uf, 16; svnthosis 
of, 8, 26. 

Arabinulose, 5, 6, 26. 

Arabitol, 18 ; ucl jon of sorbo'-.e bae- 
teiium, 38. 

An.abniiic acid, 10, 1>5, 18, 21. 

Arbutiii, 75. ^ 

Ari*in;i,se., 77 ; actiun on arginine, 139. 
Arginine, 77, 135, syjilheswi of, 140 
I Artificial glucosides, 41. 

I irs])artic acid, 135. 

Atrolactinic acid, 313. 

Atrojiiu acid, 312. 

Atropine, 305 structure of, 314. 
Australeno, 211. 

AutocatalyBi.s, 97. 

Bacyius xyliiium, 6, 15. ' 

Bulbiano’s acid, 240. 

* Barbituric acid, 103. 

Bay oil, 262. 
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Bolladoiiiiic, 305, 314. 

Benzoyl piperidine, oyidation of, 293 ; 

action uf phosphorus chloride, 294. 

‘ Bon zyli done camphor, 237. 

Bonzylideno glucose, 48. 

Berboral, 337, 338. 

Berberilic .acid, 337^ 

Berberinal, 338. 

Berborine, 205, 320; prnportios and 
structure of, 380 ;• hyiitliosis of, 339 ; 
fonnula of, 838. 

Berberonic jicid, 270, 330 
Bergamot oil, 258, 202. 

B -rilic acid, 3.37. 

Betaines, 271. 

Bicyclic ferpones, 211. 

Bioses, 2, 5, 14. 

, Bisriitrosyl compounds, 211. 

Biuret baso, 151. ^ 

BYuret reaction, 131. 

Bone oil, 204 
Boriieol, 184, 212. 

Horny 1 chloride, 212; structure of, 
219. 

Rornylone, 184 ; properties and struc- 
ture of, 218.-* 

Bornyleno carboxylic acid, 2ii. 

Bornyl iodide, 220. 

Bromelin, 77. 

Bromocnmphoric iinbydrido, 236. 
Bromocotiiiine, 302. 

Hromoliconiiie, 302. 

Bromotropane, 311. 

Brucine, 359. 

Butyric acid from fermentation, 93. 
Butyric icrinontation, 93. 

Cacaoniii, 77. 

CaUbine, 117; structure of, 119; deri- 
vatives of, 118 ; synthesis of, 121. 
Caffolino, 118. 

Oatruric acid, 118. 

Oajeput oil, 191, 192. 

Oampli.nno, 186, 215. 

Camphanic acid, 235. 

Cumplienu, 184, 212 ; lu'operties and 
striicturo of, 218. 
Camphenecamphoric acid, 221. 
Oiimplione glycol, 221. - 

0:im]dienilaii aldehyde, 221. 
<!7ampheiiil.ino, 221. 

Camphenylic acid. 221. 
Gamphocarboxylic acid, 241. 

Cainidioic acid, 219, 

Campholenic acid, 210, 251. 
Oainpholidc, 238. 

Gampholytic acid, 238. 
Cis-Cainpholytic acid, 238, 248 
Camphoiionic acid, 241. 

Camphor, properties of, 233 ; structure 
of, 237 ; synthesis of, 238; matricaria, 
244; active forms, 215; syiith'^sis 
-11 turpentine, 252; olefin ic, 252 


jS- Camphor, 244.' 

Oamphoramic acid, 237. 

-GampfiViric acid, ^33 ; synthesis of, 
242. 213; strueture of, 239 active 
forms, 245. 

Camphoric anhydride, '238. 
Camfihoronic acid, 235; synthesis of, 
23 ' >. 

Caniphorqiiinone, 237. 

Camphors, 181, 212, 231. 

Oanadinc, 340. 

Cane-sugar, action of invertaso, 65, 
71; structure of, 60; syp thesis of, 
67 ; inversion of, 96. 

Caprhi, 135. 

Caproic acid, from arabinose, 16. 
Cararo, 180. 

Caraway c»il, 188, 202. 
Carbocinchomeronic acid, 2/0. 
Carbohydrates, 1 ; classification of, 1. 
Carboxylase, 92. 

Cardamom oils, 192, 199, 227. 

Carenc, ISO. 

Caron e, 204. 

Caron ic acid, 204. 

Garonine, 200. 

Caron bin, 70. ' 

Caroub'iiase, 70. 

Carvan'ol, 189, 259. 

Can snone, 192, 204. 

Carvostrene, 184 ; properties and 
structure, 203 ; synthesis of, 205. 

Ca ’vomonthol, 189, 220, 230. 

Carvone, 384, 188. 

Carvotanacefcom*, 201, 220. 

Carvoxime, 188. 

Casein, 94, ISO, 

Casoinogon, 94. 

Cassia oil, 201, 262. 

Catalase, 84. 

Catalysts, orgaiuc, 65. 

Cel lob lose, 59. 

Collulase, 70. '' 

Cellulose, 70. 

Ohavicol, 262. 

Cholidainic acid, 272. 

Ohelidonic acid, 272. 

Cherry gum, 16. 

Chinovitc, 19. 

Chiiiovoso, 5, 19. 

Chitin, 178. 

Clilorocatfcine, 118, 

Chlorocamphoric acid, 247. 
Chloroguaiiine, 123. 

Chlorophyll, 173. 

Chlor ’»pbyllide, 174. 

Chlorophyllin, 174. 
Chlorothcobroniine, 122. 
Chlcrotheophylliiie, 121. 

Chondrosiii, 179. 

Chromoproteins, 159, 167. 

Cinchene, 35r/. 

Ciiichol ''ipon e , 355. 
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Cincholoiponic j^cid, 355. 
Ciiicl^inerdiiic in'id, a 70, oS-i. 
Ciifthonidiiie, 352. 

Cinclioninc, 2G5 ; proi)Ci*Lics amf strnc 
tiiro •f, 352. I 

Oinchonino ^hloride. 353. 

Cinchoii^iic aci^l, 279, 352. 
Ginchoninone, 358. 

Cinohotcrtyie, 353. 

Cincl^toxiiif, 35G. ^ 

Cine*, 134., 187 ; bfci'ucture of, 191. 
Cineolic iiCIcl, 192. 

Cinnamic aldehyde, 261. 

Ciiiiiamol^ see Cinnamic .aldehyde. 
Cinnamon oil, 2G1, 2G2. 
Cinnamyl-cocaYiio, 314. 

Cih al, 253, 257 ; syiilhoais of, 258. 
Cllra/iiTi^acid, 273 
,CilJ:onellal, 25>, 259. 

Citronellol; 254, 259. 

Clotiiiiij; formonts, 94. 

Clupoiiies, IGO. 

Cocaine, 314 ; .s^’nlhesis of, 317. 
Codamine. 320. 

Oodoino, 320; properties and siriic 
tuKo of, 346. 

Co- enzyme, 80. 

Co-rernie4it, 81, 94. 

Collidine, syntho.sis of, 209. V 
Colloids, G7. 

Comenamic aei<l, 272. ^ 

Coineiiic acid, 272. 

Conlignration of monosaccharosts, 21 ; 

systoijii of notalion, 25. • 

^-Conhydrijie, 290. 

Conhydrine, 290. 

Coiiiceine, 290. 298. 

Coniferin, 41, 75. 

Coiiiferyl alcohol, 260. 

Conine, 205; occurrence a'.f, 296; 
l)ropertics of, 296 ; striictun! of, 
297 ; ayiilhcsis of, 298. 

Conjugated protein.s, 157, 159, 164. 
CtJnvoivnlin, 19. 

■vConyleiie, 297. 

Cony ri no, 270, 297. 

Corydaline, 340. 

Corydic acid, 341. 

Corydilic acid, 341. 

Coiarnic acid, 329 ; structure, of, 331. 
Cotarnine, 828 synthesis nf, 330. 
Coiarznoiic, 329. 

Coumalinic acid, 272. 

Coiimarin, 259. 

Critmeiio, 201. 

Cryptopidiol, 345. • 

Cryptopine, S20 ; properties and s&ruc- 
turoof, 3^ 

Ciibebs oil, ?S7.' 

Cumin aldehyde, Synthe!9i.s of, 201. ' 
Cuminol, 201. 

Cumin oil, 201, 262. 

Cyanogenetb en/ymes, 76?_ 


I Gyanoi>hyllin, 17 1. ' 

C^'cloheptadieiie, 310. 
Cyclolieptene. 369. 

CypHnine, 160. 

Cysteine, 135; synthesis of, 113. 
Cj'stiuc, 135 ; s>M»t]iesis of, 143, 
tVaso, 70. . . 

Cytosine, 1(18, 160. , 


D.iphnin, 75. , 

Decose, 6. 

Delsydrocamp'’ioric acid, 243. 
l)ehydrocorydaline, 340. 
DehydiQ)haeniatiii. 170. ' 

Deliydrohoniocamplioric acid, 211. 
Uepsides, 00. 

Desoxystrychiiinc, 300. 

Dextrins, 71. 

£/extro-conligurai'on, 17,20, 
Di.'icetoiiamine, 319. 

Dialuric acid, 103. 
l4inminuca]>roic. ;icid, .tre Lysine. 

— dioxypyriniiilim*, lit. 

— triliyuroxydodecanic ;icid, 135, 180 

— valeric acid, see Ornithine. 

Diasliise, 01, 70; hydrolytic action, 

00 ; action on starcli, 97. 
Dibrumo-barhituric :i"id, 108. 
Dibrouiocotiuine, 302. 
Dihromoticoiiiiie, 302. 

Didepside, 00. 

DioUioxy hydroxy calfeiiio, 118. 
Dihydrocarveol, 189 ; structure <tf, 
190. 

Dihydrocarvonc, J89, 204. 
llihydroreneliolenaniide, 221. 
Diiiy<lro-i.solaurojiic acid, 250. 
DiJiydro-nicotyrinc, 305. 
Dihydropiperic ;icid, 294. 
Dihydrostrycliiioliiie, 301 . 
Dihydroxy-acetoiu*, 5, <>, 14, 20; for- 
iiieiitatioji of, 37, 88, 91. 
Dihydroxycamphoi-ic acid, 243. 
Diliydroxymaleic acid, 14. 
Diiodopurine, 123. 

Dilietopii)craz.iM(>. 1.50. 

Diliturie acid, 103. 

Did oil, 188. 

Dimel h oxy-i . m •‘I p i i n ol i n(> , 323 . 
Jliiiiethyl alloxan, 113, 118. 
Oimothylpro'oc.alcchuic aciu, 323. 
Dipielhyluric acid, 115 
I J»imeihylxanthines, 120. 
Oioxyherherim “, 337. 

Dioxy purine, 107. 

Oipuiitciio, 184 f properties of, 187 ; 
structure of, 188 ; synlhe.sis of, 197 ; 
from geraiiiol, 257 
Dipyridyl, 207. 

Disaci^ha roses, 2 ; Jiydrolysis by en- 
zymes, 71 ; structure ot, 55 ; syii- 
' thesis of, 57 ; list of, 59. 
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Diureid„s, 105. 

DulciLol, noli on of sorbose bae 
teriuin, 38. ^ 

({.Diilciiol group, 29. * 

Dwarf pine oil, 203. 

ICcgoniiHi, 315 ;k,syr thesis of, 317. 
a-Kegonine, 310. 

Krgoiilnie acid, 31(). 

Kdesiin, lOX 
Kgg ;;.lbuiini), 102. 

Egg globulin, 1C3. 

Elastiu. 181. 

I^ln'iiilsin, 03; reversible actioii of, 
*!)9 ; liydroly.sis of glucosidos, 40, 71. 
Eiiterokinaso, 77. 

EM'/yine,'‘C2 ; dolhiition of, 03 ; eheini- 
cal aclioii of, 05; spneitic action of. 
05, 70, 78 ; coinbiiiatioii wilh siib- 
' strale, 00; cloiMng action, 00; 
compoHilioii of, 00; puiiiicai ion of, 
07 ; colloid.d character of, 07 ; hydm- 
ly.sis of polysacch.aroses, 70; liydro- 
ly.sis of di- and tri-saccharosi's, 71 ; 
Iiydroly.sis of glueosides, 71 ; hydro- 
lysis of protoins, 77 ; hydrolysis of 
poly])ei)tides, 78 ; hydrolysis of 
arginine, 79; hydrolysis of ]uirijio 
bases, 7'./; oxitlalioii liy, 82 ; reduc- 
tion by, 85 ; cyanogonelic, 76 ; 
glycolytic, 81. 

En/yine aetioii, 02 ; r<‘vor.sibiIity of, 
11, 72, 73. 99 ; conditions didor- 
inining, 09 ; inechanisni of, 95. 
Epi-eamphor, 211. 

Epiiinnic. 10, 

Epi-rbaniiidse. mv Isorhaninose. 
Epi-rhoileo^e, 5, 19 ; conligiiralioii of, 
35. 

Eropsin, 77 ; reversible action of, 99. 
Erythritol, 7, 15, 10 ; action of sorbose 
haclorium, 38. 

Erytlirodcxtrin, 71. 

Erythrophylliiis, 174. 

Erythrose, 5, 0, S. it5, 10. 

Erythro/.yino, 71. 

Ery thru lose, 5, 0, 7. 

Es-^eiiliul oils, constituents of, 202. 
Esters ofaLiino acids, 150. 

Estragol, 202 

Ediylapocj Hellenic acid, 351, 

El hylhoiiiapociiicheiie, 355. 

Ethyl pyridinos, 270. 

Eueaiiie, 319. 

Eucarvoiie, 200. 

Euphthalinine, 319. 

Excelsin, 161. 

Exhaustive inetliylation, 292. 

Fencheiio, 181 ; properties and struc- 
ture of, 222. 

Fenchocainplioroiv), 221 ; synthesis of, 

00 r; ' 


Fencholcnic acid, 22? 

Fencholic acid, 225. 

“Fenchone, 181, 222. 

' Foncho nooxime, 22?J. 

Fijiichyl alcohol,*' 222. 

Foncliyl chloride, 223. 

Fennel oil, 222, 202. 

Fermentation, 02 ; alcoholic, 85 ; aciil 
92 ; acetic, 92 ; history of, 02 ; 
mechanism of, 97 ; theories 02 ; 
of inonosaecharoses, 36 ; of alcohol 
33, 82. 

Ferments, organized, 04. 

Ferments, unorganized, 0*‘. ; inlia- 
celluhir, 01 ; extracellular, 01. 
Fibrhi, 91, 104. 

Fibrinogen, 91, 104. 

Fibrosin, 181. 

Finnic acid from glucose, 87. 

Formo.^^e, 19. ' 

Frangnliii, 6. 

Fructosamine, 12, 55. 

Fructose, 5, 0; structun: of, 3, 20: 
conligiiration of, 32; fermentation 
of, 37 ; mutarotation of, 41. 
Fructose^plienylliy’^d razone, 1 1. 

Fruit sugar, see Fniclosc. 

Fticohexonic acid, 35. 

Fucuse/ 5, 19 ; couliguralion of, 35. 
Purfutal, 18. 

Fus6in, 0. » 

Gadus-liisione, 102. 

<t/ilactobiose, 58. 

Gahifstonic acid, 22, 23 
Galactose, structure of, 3, 5, 22 ; con- 
figuration of, 29, 32; fermentation 
of, 37. 

Gahiheptose, 6, 9, 23. 

Gala-ocLo^e, 5, 23. 

Gaultherase, 74. 

(hiiiltliorhi, 74. 

(Jedase, 7iK 
Gelatin, 181. 

Gelose, 70. 

Gentiano.so 59, 73. 

Gentiobiosi*, 58. 

Geranial, 253, 256, 257 ; synthesis ol. 
258. 

Geraiiie acid, 257 ; synthesis ot, 
25S. 

Gerunionc, 257. 

Geraniol, 253. 

Geranium oil, 256, 258, 202. 

Geranium rose oil, 258, 203. 
tHaucophyllhi, 175. 

Gliadin"*, 159, 104. 

Globin, 157, 102. 167. 

I Globulins, 159, 162. 

I Glilcase, 71. 

I Glucodecose, 5, 23. 
i Glucohcptose, 5, 9. 23. 
i Gluconic adH, 20, 23, 21. 



367 


OP SUBJECTS ^ 


Ghicon-ic laotono,*7. • 

Gla^fft)nose, 5, 23. 

Gluco-octose, 5. 23. • n 

Ghicopi'i^toinb, l<>ri. 17b4. 
Glucosiiiniiio. 5*1, 103, *178. 

acvil, 178. 

Gluoosazonc, 11. 

Glucose, 5,; coiulnetivity of, 43 ; coii- 
Ij^iiratJoif of, 29, 31 ; ferniciilnlio)) 
of, ^7 ; isomeric cliuiige i»f a- laiitl 
Wonns,*44; a-, i3- and i-glucose, 
42 ; rotation of, 43, 43 ; structure of, 
3 ; synthesis of, (i. 

Glucose a^‘ta<G, 45. . 

Glucose diacetone, 49. 

Glucose monoiicetoiie, 49. 

G lficosc»pcntacctate. 40. 
Glucosei^lfeiiylJ^'drazone, 11. * 

"t^Iucoses, 2, ? 

Olucosides, .nrtilicial, 41 , 17 ; natural, 
41, 59; hydrolysis by en«yme.s, 
74. 

Glucosoiie, 11. 

(ilucuvaiiillic acid, 75. 

Glucovanillin, 75. 

Glncbxyle.se, 59. ? - 

(tlutainic.aeid, 135. 

GJuta/.iiie, 273. 

Cilutelin.s, 159, 101. v 

Glyceric aldohydo, 5, 0, 8, 14,' ^20; 
strucinrcj of, 25; ferhientatioii ol, 
37, 8S«91. 

Glyeerol, action of sorbose bactoriui^n, 
38; 'from alcoholic fermentation, 

8d. 

Glycerose, ssc Glyceric aldehyde. 
Glycine, 135. 

Glycocoll, see Glycine. 

Glycogen, 70. 

Glycol, action of sorbose b.tcterium, 
38 

Glycollic aldehyde, 5, 0, S, l-i. 
x’lflycolytic cnzymo.s, 84. 

Glycnronic acid, 7, 13. 

Glycylalaiiiin?, 156. 

Glycylglycino, 152. 

Glycylpvoliiie, 155. 

Glyoxalase, 81. 

Grajjo-simai’, see Ghico.se. 

Guaiiase, 77. 

Giisyvino, 77, ,117, lOtt; .struct uro of, 
119; syiithe.sis of, 122 
Guanobiii, 16G. 

Guanylic acid, IGG. 

Guloiiic acid, 13, 22, 23, 24. 

Giilose, 5, 13, 22, 21 ; conlliguratioii of, 
29, 31. O , ^ ; 

Gum arabi-0,’ IS. ' » 

Gynoeardiiiaseji 76. 

Hnematin, 157. 168, 169, 

Haomatinie acid, 175, 169. 
Haeniatoidln. 171. ' , _ 


llaeinaloporjdiyrin, 170. 

Hacmin, 169, ^ 

Ilaemocyanin, 1(?T. 
llaoiMOglobiii, 129, 167. 
llaeinoporphyrin, 171. 

IfsaeiiuyiyiTole, ITti. 
llarinaiiiie, 320. ^ 

irarmnn, 322. 
llarniine. 320. 
llarmijiic acid, 321. 
licliciii, 11, 75. 

Ilemipljiic aclil, 324, 33 
Jle])fo.ses, 5. *!»" 

]lo]>l Clio acid, 3. 

lletcrux^hnUiine, 120; syntluiSii 

122 . 

Iloxah\dropyridino, ste Piperldii 
Jfoxonb 1)aKe.s, 139. 

IIcxoso pho.s]diatase, 87 
Ilexoso ]>Jiosi)liaie; 8”. 

Ilexoses, 2, 5 ; configuration of, 21 
syntliosis of. 19. ** 

, Histidine, 135 ; striirtnro of, 
synthesis of, 116. 
llistonesj 157, 159. ' 

Tloinapocinchene, 351. 

Homatropine, 306. 

Homocamphoric acid, 238, 241. 
Homocam])horonic attd, 211; 
Jlomogoiiiisic acid, 83. 

Homoterpenyl formic aci»l, 211. 
Jlouiotorpenylie acid, 193, 211. 
XIonlein, 164. 

Hydantoin, 104. 
llydraslic acid. 336. 

Uydrastine, 265, 320 propt'rties an* 
structuro of, 331 ; formula of. 
336. 

IIy<lrastinine, 334. 

Ilydrociiffuric acid, 118. 
Hydrocotarnine, 327 ; structiuG of, 
328. 

11 > droecg • '*• 

ilydrohydrastin i ne, 331. 

H yd ro irop i d in (i , 307 . 

Ilydrouracil, 108. 

lly d roxy b u ty ri c ac I d ,ac 1 J i > n o f e n z v m e 
81. 

Hy’dioxycairo^ne, 118 
lly<lioxycarn|#lion(! acid. 236 
Jlydroxyetbylapociijclii-nic acid, 35 1. 
llydroxyfeiicbenic acid, 224, 
n /droxN inethyloMc canijdior, 237. 
Hyd»«oxypyridine.s, 273. 

Hydurilic acid, 103. 

Ilygric acid, 300. 

Hygrine, 299. 314, 318. 
llyoscine, 305. 

-Hj'oscjuiniine, 305. 314 
^ llyoscyamijKi, 305, 311 
Ilyptfcalfcino, 118. 

j Hypoxaii thine, 77.'. 120; action of 
cnzYines, 81 : synthesis of. 122. 
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rdithul, II, ISO. 
laifol, 23. 

Idonic acid, 22, 23, 24. 

^ Ido- saccharic acid, 23, 24. 

Idoso, 5, 22, 21; configuration of, 20, 

Indic.in, 71, 70. 

indigo foj inont. 74. * 

1 11 dim id sin, 74. 

Indoioproinonic acid, 147. 

Ino.^^nic acid, 100. 

Liitcr-convorsion of monobaccliaro.sc.s, 
9, 44. • 

hiolaso, 70. 

,'ilin,,70. 

Invoi'sioii of canc .sugar, 90. 

Invortas., action on cane-sugar, 00, 
71,90. • 

. rodotliyrin, 103. 
lf;nono, 202. .. 

IriLoi^ino, 320. 

I rone, 202. 

IbOflniygdiilin, 70. 

Isoborneol, 222. 

Lsoborn^l chloride, 220. 

I.socamp .boric acid, 244. 

Isocainplioroijic acid, 216. 

I socry piojii no, 3 1 5. 
rsodialuri«% acid, 11. 

E.solianii.'iii, 322. 

I.sokotocaiiiphoric acid, 215. 

Isolactose, 68, 73. 

Ivdauronic acid, 250. 

Lsolanroiiolic acid, 238, 218 ; synthesis 
of, 210 

Isoleuciiio, 80, 135. 

Isoiiinliose, 55, 58, 72, 100. 

Isonitroso camphor, 237. 
Isopelletiorine, 318. 

Isopropyl cyelolioxciioiie, 229. 
Isopropyl idiMic glucose, 48. 

Isopulegol, 251. 

Isopulegone, 232, 25-1. 

Isoquiiiulitio alkaloids, 205, b20 ; pro- 
lU'L’ties, structure and syntliosis of, 
279,281. 

Isorhaninoso, configuration of, 5, IS, 
31. 

Isosoriiio, 1^. ' 

Isothujone, 220. 

Isotrcdialose, 58. 

Isutropylainine, 315. 

.lapaii camphor, sec Camphor. . * 

Jasmine oil, 202. 

Kephir, 75. 

Keratin, 181. 

Keto-hexoses, configuration of, 32 ; 
synthesis of, 10. 

Ketoses, 2 ; synthesis of, 10 ; intcr- 
conversion of, 13. 

Kolaiiln, 77. 


Lacense, 08, 81.. 

hactasc, 71, 75; hydrolysis o'* milk 
sugay, 97. 

Lactic acid, from glucose, 87 ; by 
lermeiitatioji, 92; from o])ium. 
320. 

Lactic fermentatipn, 92. 

Lactose, structure of, 60 ; action of 
bictasc, 71. 97; action of* emulsin, 
97.. 

Laovb-coiifiguratioii, 17, 20..^ 
Lantho}3ine, 320. 

Laudanine, 320. 

Liiudanosinc, 320 ; structure of, 327. 
Lauronolic acid, 238, 210. 

Laveiidcr oil, 250, 258, 203. 

J^oguininin, 162. 

LeiiK iigrass oil, 250, 257, 2Gr. 

Lemon oil, 257, 259, 20C.. 

Lepidine, 278. 

Leucinp, SO, 135. 

L(‘UCol, 205. 

Lciicosin, 102. 

Liinette oil, 257. 

Limonene, 184 ; properties of, 187 ; 

.structure ^of, 188. 

Liiialoesbil,’ 258. 

Linalol, 253, 258. 

Jjiliase^'aclion of, 00; action on esters, 
80,* lOO ; reversible action of, 99. 

Lit K'ic acid, 1^2. 

Loqionic acid, 355. 

Lotaso, 74, 70. 

LObUsin, 74. 

Lysine, 135 ; synthesis of, 141. 

Lyxoiiic .acid, 18, 24. 

Lvxoso, 5, 10, 10; configuration of, 
28, 32. 

Maltaso, ’’1, 74; hydrolysis of gluco- 
sidos, 10 ; of sugars, 55 ; of maltose, 
97 ; reversible aclimi of, 99. 
Maltodexcrin, 71. 

Maltese, action of maltase, 55, 71, 9/ ; 

.structure of, 50. 

Mil It sugar, sec Maltose. 
Maiidelonitnle-gliicosido, 41, 74, 75. 
Mannitol, 23 ; action of sorbose bac- 
terium, 38. 

Mannitid group, 29. 

Mannohepto.so, 5, 23. 

Mnnuoiiic acid, 20, 23, 2i. 
Maniionoiiose, 6, 23 ; fermentation o£ 
37. 

Maiino-octose, 5, 23. 

Mannose, 5,''G, 24; configuration of, 
28,* 31^; fermcnt.ation of 37. 
Maniio-sacclia 'ic acid, 23, '1. 
Maiinotriose, 59. 

Marjoram oil, 192, 227. 

Matricaria camphor, see Camphor. 
Mechanism of enzyme action, 95. 
Mecouic ack:, 320. 
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Meconino^320,«n2d. « 

MeUfeiaso, 71. 

M^libiose, 55, 71 structure o£» 56. 
Melizitaso, 71. -• 

Melizftoso, 59, 71. * 

Menthadicaio!!^ 185, 187 ; synthesis of, 
206 ;%ioIocul.‘ir r,efraciion of, 210. 
Menthanolriol, 192. 

McnthciUs, 210. 

Montlionols, 202, 229, 230. i 

Meiitlioniuio, 201. 

Menthol, 18d, 230. 

Menthono, 230. 

Menthoicfitrile, 256. 

Mentlionyl alcohol, 256. 

Menthonyl aldehydo, 256. 
Mentljonylamino, 260. 

Mesopoii^liyrin, 170. 

Metaliom\pliifc acid, 325. « 

Motanicotiue, 303. 

Metaproteins, 159. 

Mothaeinoglobin, 168. 

Methoso, 19. 

Meihoxycaffeino, 116. 

Methyl anthranilate, 262. 
Mebhylbutylacetic acid, 3» 

Methyl coriine, 296. 

Meihy1cVyptopiiie.s, 344. 

Mothylonitiui, 19. 

Methyl furfural, 19. 

Methyl glucoses, 48. ** 

Methyhglueosides, 40. 

7-Mot hyl glucosiilos, 50. 

Methyl glyoxal, 81, 89 ; fermentation 
Vf, 91. » 

Methyl granateniiio, 318. 

Methyl granatolino, 318. 
Methylheptenone, 192, 257 ; synthesis 
of, 261. 

Motliylhcxose, 5. 

Methyl iminazole from glucose, 90. 
Methyl isorliamiiose, 35. 
^Methylmorphimethiiie, 318. 
Methylmorphol, 348. 

Mothylpentoses, 5 ; configuration of, 
33. 

Methyl pyridinos, 207 ; .synthesis of, 
269. 

Mefhyltetrosc, 5. 

Methyl uracil, 111. 

M^jJiyluric aiails, 11-1. 

Methylxaiithine, 120 
Milk sugar,’ see Lactose. 

Millon's reagent, 71. 

Molisch’s reaction, 71. 

Monoamino acids from proteins, 135. 
Monocylic.yrpenos, 187.. 
Monosacchlu’ides, see Moiiosac?.haroses. 
MongsHCchanjues, 2 ; stnicturo of, 3 ; 
list of, 6 ; sources of, 6 ;* syntiiesis 
of, 0, 20; acetone dcrivativc.s, 13; 
bcnzylidene derivative.s, 13 ; con- 
figuraiion of, 24; fermentation of, 

B 


36 ; rotatory power a:id Configura- 
tion, 51. s 

Mo^rphenol, 350. 

MoVphine alkaloids, 346. 

Morpliiiie, 320 ; properties and atriic- 
. turo of, 346 ; fu rmula of, 350. 

^ Morphine, 320, J47.» 

Morphol, 2fi8. 

Morpholine, 348. , 

Morphol quinone, 348. 

Morpli ut 1 j oba i’ 1 1 e , 34 9 . 

Miicic acid, 10, 22, 23, 

MRcina, 171?f 
Miidoids, 178. 

Murex'ide, 102. * 

Mutarotation, 44 ; mechanism of, 44, 

Myosin, 164. 

,,Myristicine, 330. *’ 

Myroiiate of potassium, 74. ^ 

Myrosin, 74. ^ 

Naphthalano morpholine, 349. 
Naplitlialeiie, structure of, 281. 
Nurceiiic, 320; i^roperties and sfriic- 
turo of, 333. 

Narcoiiiu^, 265, 320; properties and 
strueliire of, 327. 

Natural glucosidu.s, 11, 59. 

Neral, 253, 259 
Ncrol, 253, 259. 

Neroli oil, 259, 262, 263. 

Neurokeratin, 181 . 

Niuouli oil, 192 

Nicotine, 265; sourt and ]>roperlh‘S 
of, 301 ; synthesis .)f, 303 ; resolu- 
lion of, 305. 

Nicotinic acid, 270. 

Nicotyrino, 301, 303. 

Nitrosolinioiieiie. 189. 

Nitro.sopiiiciie, 21 1. 

Non OSes, 3. 

Nopinol'^elic acid, 225. 

Nopinono, 218. 

iVorcotarnino, 330 ; fi)i'inn1.'i of, 
synthesis «»f, 333. 

NorhyilrohydrasI iiiino, 3.39 
Norliydrotroj)i«line, 307, 309. 

Norpiiiic aci/1, 21. 3. 

Niicioic acid.s, 165. 

Nil dein, 165. 

Nuclcoprotrins, 159, 165. 

P’^iic-leoside, 166. 

Nuit*eoLide, HiO. 

Octoliyd rruiicoti no, 303. 

Octoses, 5. 

Oil of bitter almonds, see Bcnzaldehyde. 
— cloves, 262. 

Olefinic camphors, 2.52. 

Olclinic terpenes, 252. 

Opi.^nic acid, 327 ; sli ucture of, 332. 

^ Opianic acid, 337. 

b 
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Opium, 

Orange oil, S33. < 

Organized ferments, 64. 

Ornithine, 135 ; synthesis of, 140. 
Orthocamfdioi'ic acid, 238. 

Osamiiios, 64. , 

Osazones, 10. < 

Osones, 11. f 

Oxalacetic a^/id from tartaric acid, 88. 
Oxaluric acid, 105. 

Oxami no-oximes, 232. 

Oxamino pulegone, 232. 

Oxidases, 81. '' 

0\,;dising enzymes, 81. 

OxyberbCiiiic, 337, 339. ' 

Oxybutyraso, 81. 

Oxyhaumoglobin, 129, 157, 167. f 
Oxyhydrastinine, 335. 

‘ Oxy nicotine, 301. 

Oify proline, 136 ; syn:i,he8is of, 146. 
Oxypurines, 107. 

Papain, action of, 68 ; on proteins, 77. 
Papaveraldine, 323. ^ 

Papavoric acid, 323. 

Papaverine, 2^5, 320; properties and 
structure of, 322 ; synthesis of, 326. 
Pajiaveroline, 323. 

Paracasein*, 94. 

Parabaiiic acid, 103. 

Paraban scries, 105. 

Paraxanthine, 120. 

Poctaso, 94. 

Poctiiiase, 70. 

Pectins, 70. 

Pelletier! ne, 318. 
if'-Pellotierino, 318. 

Pennyroyal oil, 231. 

Peiitadigalloyl glucose, 60. 

Pontagalloyl glucose, 60. 
Peiitamethyleiio diamine, 291. 

Pontitols, 18. 

Pentonic acids, 18. . 

Pentoses, 5, 16 ; reactions of, 18 ; 

synthesis of, 16. 

Peppermint oil, 230, 263. 

Pepsin, action of, 68'; on proteins, 77 ; 
reversible action of, 99 ; liydrolyt^ic 
action, 66it , 

Peptones, 159 ; action of enzymes, 77 ; 
properties of, 164. 

Perfumes, natural and artificial, 259. 
Peroxidases, 85. 

Porsoulose, 5. 

Petitgraiii oil, 259. 

Phaseolin, 164. 

Pliellandreno, 184 ; propei*ties and 
structure of, 201, 229. 
Phonmorpholine, 349. 

Piioiiol glucosides, 67. ^ 

Phenylalanine, 186; synthesis of,^l 48. ] 
Phenyl desoxybenfoin, 88. ,,, 

Phenyl glyoxal, 81. 


Phenyltetrose, 5. 

Phillyrin, 41 . 

I’hlorid::in, 41 , 76. . 

Phosphoproteins, 169, 179. 
Photosynthesis o. carbohydrate^, 73. 
Phyllins, 174. 

Phyllophyllins, 175. 

Physical theory of fermentation, 63. 
Phytdchlorin, 176. a 

Phytol, 174. 1 

Picoline, synthesis of, 269. 

Pinane, 186. 

Plnene, 184 ; properties and structure 
of, 211. 

Pinene hydrate, 220. 

Pinene hydrochloride, 220. 

Pine needle oil, 187, 211, 263. 
Pinicheid, 212 ' 

Pir.ol,212, 216. 

Pinolglycol, 217. 

Pinol hydrate, 212, 216. 

Pinonic acid, 212. 

Pinoyl formic acid, 212. 

Pinyiamine, 212. 

Piperic acid, 290, 294 ; synthesis of, 295. 
Piperidin.'^, 290 ; synthesis ot^ 291. 
Piper i done, 294. 

Piporidvl urethane, 293. 

Piporiv'i, 265, 290; formula of, 296. 
Piperonal, synthesis of, 261, 295. 
Pipoi’onyl, 296f 
Piperonylic acid, 294. . 

Piperylene, 292. 

Polypeptides, 161, 169 ; action’ of en- 
zymes^, 77 ; synthesis'of, 151. « 

Poly saccharoses, 2 ; hydrolysis by en- 
zymes, 70. 

Populin, 6. 

Porphyrins, 176. 

Proline, 165; synthesis of, 144. 

Propyl piperidine, see Coniiie. 
Prosthetic groups, 157. 

Protamines, 157. 

Protein metabolism, 181. 

Proteins, 128 ; action of enzymes, 77 ; 
class] 6 cation of, 156; constitution 
of, 156 ; preparation of, 128 ; com- 
position of, 129 ; molecular weight 
of, 129 ; properties of, 130 ; reactions 
of, 131 ; decomposition of, 132 ; pro- 
ducts of hydrolysis, l\i4. 

Proteoses, 159 ; action of enzymes, V7 ; 
properties of, 154. 

Protopine, 320 ; properties and struc- 
ture of, 64% 645. 

Prulaurasin, 76. 

Pruni!se,*<74„ 76. 

Prunasin, 74, V6. , ** 

Pseijdoconhydrino, see if Conhydrine. 
Pseudohyo^cyamine, see ^-Hyoscy- 
amine. 

Pseudomorphine, see ^-Morphine. 
Pseudo-opianicacid, see ^-Opianic acid. 
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Pseudotr(^ino,*5ec ^ffropine. 
Pseirtlouric acid, 112. 

Ptyalin, 70. • * 

Pule:;^ne, structure and properties o#, 
2Bi; from isopulti^oiio, 254. 

Purgic aciA, U), 34. 

Puriiio, synthesis of, 122, 124. 

Purine group, 102 ; nomenclature of, 
107. • 

PyrUiiie, preparation and properties 
o'f, 20&; formula of, 207 ; structure 
of, 281. 

Pyridine alkaloids, 290. 

Pyridorffes, 271. 

Pyrimidine, 108. 

.^Pyrones, 272. 

'Pyrophvllin, 174. 

Pyrrolcftlerivatives, 17C. 

* PyiTolidyiGj^OO. 

Quercitrin, 6, 41. 

Quinaldinc, 276. 

Quinene, 864. , 

Qiiinio acid, 289. 

Quiuidine, 352. 

Qtfinine, 265; properiiogaiyl structure 
of, 352. 

i^uiniiiic acid, 279, 352. 

Quinoleiti, 265. 

Quinoline, 265 ; properties ahTl stnic 
ture of, 274 ; syiflhosia of,* 275 ; 
atruttnre of, 281. 

Quinoline derivatives, synthesisL of, 
27i/. 

Qllinoline alkaloids, 362. * 

Quinolinic acid, 270. 

Quinotoxine, 367. 

Quinoylplieiietole, 365. 

Quinoylphenol, 355. 

Quitenine, 353. ^ 

Raffina.so, 71. • 

Jitudinose, 55, 59 ; action ofraihnase, 71. 
Reactions of Adanikiowicz-Hopkins, 
132 ; Fentuii, 8 ; Millon, 132 ; 
Molisch, 132; Ruff, 8; Skraup, 277; 
Strecker, 137 ; Tollons, 18 ; \Vohl,8. 
Reductases, 85. 

Rennet, 66. 

Reunin, 94. 

lJpversibilitp*of onzymo action, 41, 72, 
73, 99. 

Rovertose* 72. 

Uhainnase, 74. 

Rhamninoso, 69. ^ 

IMiamnohoptoso, 5, 23. 

Rhamnol Iconic acid, 3^. 
Rhamnolroxftso, 23. 

Rhjimno-octcae, 23. ^ 

Rhamnose, 6, 18 ; ennfiguwition of, 33. 
Rliamnotetrosc, 5, 36. 

Rhodeose, see Fucose. 

Rhodiual, 253, 259. 


Rhodiiiol, 253, 258. 

Rhodi >ph y 1 1 i 11 , 1 75. 

Ribonic aeid, 10, 18. 24. 

Riboso, 6, 10, 16. 166; configuralioii 
of, 28. 

» Rose oil, 256, 258, 263. 

Rosemary oil, 21 S. 263. 

Ruberytliilc acid, vl.# 

Sabinakotonc, 200; stnioliiro of, 228. 
Sabin one, 184, 203 ; properties ef, 227. 
Saccharic acid, 7, 13, 23, 24. 
Sllccharom9%es, feriiientatioii by, 37. 
Sa^chnrose.s, 2 ; 8^thesi.s by 

mefisation, 6 ; by oxifjatioip of 
alcohols, 6 ; by reduction of lac- « 
to^cs, 7 ; conversion of liiglier to 
lower, 8 ; conversion of lower to 
higher, 9; in<ei*convi‘raioii of iso* 
mers, 9; com version of aldoso' to 
ketose, 10; conversion of k('to.so to 
aldose, 12 ; in version of s^ereo- 

isomera, 13 ; interconversion of ul- 
doso.s and ki^tosc.s, 13. 

Safrole, 269, 261. 

Sniiciii, 0, 41, 75. 

Salicylaldehydo, 261. 

Suluiine, 160. 

Sambiiuigriii, 76. • 

Saponin, 41. 

Savin oil, 227. 

Scloroprufeins, 159, 180. 

Scombri no, 160. 

Scopolamine, 305. 

Secretin, 79. 

Sericiii, 181. , 

Serine, 136; syntlu'sis of, 142. 
Scrum-globulin, 163. 

Sesquiterpenes, 184. 

Silk gelatin, see Sericin. 

Sinigrin, 6, 74. 

Sobrcrol, 212, 216. 

Sorhit<^’, 23; action of sorbose bac- 
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